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PKEFACE TO THIRD EDITION 


The exhaustion of the second edition may be regarded as an indication that 
this book has established a position in the literature of cotton bleaching. The 
present edition has been rewritten and brought up to date, but the large amount 
of work which has been published during recent years has made the selection 
of matter for inclusion difficult Special mention must be made of the valuable 
publications of the Cotton Research Association, and of the courtesy of the 
Association in supplying information and illustrations. It is hoped that ade- 
quate acknowledgment has been made in the text of its work and that of all 
other authors. 

S. R. T. 

Nottisoham, 

Septemb<r 1927 


PREFACE. 

BLXACBiKonnd finishing, like many other trides resting vl. basis, were 

founded on empiricism, and are still largely controlled by it It is perhaps 
remarkable that the practice tauglit by generations of empiricism has, in 
general, proved to bo based on sound scientific principles. The success ohtained 
by the devotees of the rule of-thunib cum experience school of workers has in 
bleaching, as in many other chemical industries, tended to the belittling of the 
value of Bcientiflic knfbwledge. The chemist, on the other hand, has been some- 
times apt to underrate t^ value of inherited experience and to think that all 

• . X 

the difficulties which ari^ in practice can be successfully solved purely by the 
application of a knowledge of the chemistry of the processes involved. In 
bleaching, and still -taore in finishing, practical experience can hardly be 
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under-CBtimated ; btit neither can it bo gainsaid that empiriciam lias nothing to 
lose and everything to gain from a working alliance with science. The funda- 
mental reason why the theoretical and the practical treatment of the subjects 
here considered are so frequently regarded as being incompatible is, that the 
devotee of either system is confronted with diffiiculticB arising out of ignorance 
of the resources and methods of the system which is complementary to 
his own. 

The following pages deal with the principles underlying the practice of 
bleaching and finishing and the chemistry of the processes involved. A know- 
ledge of the latter is essential to the successful carrying out of original construc- 
tive experiments, without which it will be very difficult in the future to make 
much advance in practice. 

We have endeavoured to present the two aspects of the subject in their 
oomplementaiy relations, with the particular object of assisting the practical 
student to appreciate the functions of the processes he is called upon to control, 
in their relation to the results ultimately aimed at. 

The scope of the subjects brought into relation necessitates some curtailment 
in the treatment adopted with regard both to laboratory and workshop routine, 
as the object is to correlate principles rather than edit recipes. The latter are 
often of but temporary and isolated value, whereas the scientific adaptation of 
cause to effect by the aid of real acquaintance with the controlling factors is 
always, whether consciously or otherwise, the basis of successful working. 

The examples of methods given are introduced as practical illustrations of 
the sequence of the various processes described. Although they are taken from 
actual practice, they arc in some c<-XBes at variance with the principles laid down 
in these pages It is in just such cases as these that a knowledge of the 
chemical and physical piinciplcs underlying the processes can usefully find 
employment. 

S R. T. 

E. L. T. 

Noitivoham, 

April 1911. 
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BLEACHING AND FINISHING 
OF COTTON. 


CHAPTER I 
INTRODUCTION. 

Cotton consists essentially of cellulose As received by the bleacher, it contains, 
also, all the natural constituents of the cotton fibre, together with adventitious 
impurities introduced dunng the processes of manufacture Bleaching may 
be defined as the removing of all these natural and adventitious impurities and 
leaving a residue of pure cotton in which all its valuable properties, as a textile 
fibre, arc fully developed and m which no destruction or alteration of the cotton 
cellulose has taken place Natural twist, tensile strength, and elasticity must 
be unimpaired ; lustre and permeability must be highly devclojied ; the natural 
white colour of pure cellulose must be produced. All this must be done without 
altering the physical or chemical properties of the cellulose. The success of the 
operations may be measured by the purity and durability of the white colour 
of the final product, and by the extent to which the properties mentioned above 
have I'en maintained or developed. Goods are, however, sometimes only 
partially purified and bleached, the residual colour being disguised by the use 
of a blue substance such as smalt, ultramanne, or a suitable dye The natural 
constituents of cotton, other than cellulose, are protoplasmic and other nitro- 
genous compounds, oil, wax, pectins, tanmn, colounng matter, and. mineral salts 
During manufacture, such things as dirt, mineral and other oil, sizing such as 
starch, glue, Irish moss, or antiseptics, are also introduced. Some of these 
impurities are soluble in water but most of them are not. The soluble impurities 
may be removed by washing The remainder must be converted by chemical 
processes into bodies soluble in, and capable of bemg removed by washing with, 
water After this has been accomplished the goods are finally washed, with 
or without soap, and finished as required. Finishing may consist entirely of 
mechanical processes the object of which is to develop or modify the physical 
properties of the cotton cellulose, or it may involve, also, the addition to the 
cotton of such substances as starch, dextrin, mineral matters, fireproofing or 
waterproofing mixtures, or antiseptics. 

Although the chemistry of bleaching is fairly simple it is none the less im- 
portant, and the successful bleacher is he who understands folly the chemical 
pnnciples involved and can supplement his knowledge with actual practical 
experience. Experience alone, without chemical knowledge, can be of compara- 
tively little use in dealing with a problem which presents any unexpected or 
obscure difficulties, but which can be often overcome readily by the application 
• 1 
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of goientific knowledge. Methods founded upon experience alone may give good 
Tesnlts as long as the conditions remain constant. 

Chan^ng, and more especially unknown, conditions can only be met success- 
fully by chemical mvestigation combined with experience. Two things are 
essential to the mental equipment of the bleacher. The first is some knowledge 
of the chemistry and physics of cotton itself, and of the various processes and 
materials used in its trratment ; the second is the ability to carry out con- 
structive expenments based upon the knowledge gained by the study of the 
chemistry of the processes themselves and the materials used. A knowledge 
of the chemistry of the processes will prevent many faults being committed, and 
the information gained by analysis of the materials employed will assist further 
in the production of good results , but both require to be supplemented by 
practical constructive experiments earned out either in the laboratory or the 
bleach works if the trade is to be carried on upon a scientific basis. It must 
be added that much patience and many disappointments are to be expected 
and endured in the pursuit of science. Chemistry is no magician’s wand that 
will cause difficulties to vanish immediately. The practical bleacher who is 
confronted by a problem which he cannot solve by the light of experience alone 
must not expect the application of even a fairly extensive knowledge of chemistry 
to give him instant relief from his difficulty, nor become discouraged or impatient 
if it even fails to do so His attempt to solve a difficult problem upon the right 
lines will, even if at the time unsuccessful, equip him better to tackle it again 
or to solve the next that presents itself. 



CHAPTER II. 


THE NATURE, GENERAL PROPERTIES, AND CLASSIFICA- 
TION OF TEXTILE FIBRES. 

The number of fibres used for textile purposes is very large. They have all one 
pro])crty m common, namely, that of being capable of being spun into yarn and 
woven or knitted into fabrics They are both natural and artificial, and may be 
classified roughly according to their origin as — 

1 Vegetable fibres , such as cotton, flax, jute, hemp, ramie 

2 Animal fibres , such as silk, wool, hair 

3 Artificial fibres , such as viscose silk. 

4 Mineral fibres ; such as asbestos 

Naturally occurring fibres must be found, or grown easily, in large quantities, 
while artificial fibres must be manufacturwi cheaply enough to compete with those 
of natural ongin Fibres which cannot be produced cheaply, or m large quantities, 
can have only a very limited yalue for textile purposes. Spider’s-web would be 
n perfect textile fibre, but the quantity available is too small to make it worth 
the cost of manufacture. 

The value of a fibre for textile purposes is determined, largely, by the degree 
to which it possesses certain fundamental properties, viz tensile strength, elas- 
ticity, and siunning power. Tensile strength and elasticity are essential to 
enable the fibre to withstand the strain of spinning into yarn, weaving or knitting 
into fabrics, and to give the finished fabric sufficient strength for the purposes 
for which it IS designed Less tensile strength is required m the individual 
fibres of a fabric than in the raw fibres or in a yarn, because they give each other 
mutual support Fibres which are deficient in strength are sometimes strengthened 
dunng the manufacturing processes by “ sizing ” with a solution of a colloidal 
substance such as starch, glue, or gum which can be washed out of the finished 
fabric Woven fabrics contain two kinds of threads, warp and weft. The warp 
threads run throughout the length of the fabric, forming the skeleton and taking 
the strain of manufacture or wear These must possess a high degree of tensile 
strength and elasticity. The weft threads run transversly, filling up the spaces 
between the warp threads. They give body to the fabric but do not take the 
strain of wearing to the same extent as the warjis. Fibres or yams which have 
insufficient strength for warp may be used for weft, especially if sized before 
weaving. Further information may be found in Bowman's Structure of the 
Cotton Fibre. 

Spinning power depends pnmarily upon tensile strength and elasticity, but 
also upon other properties such as (1) length of fibre, (2) fineness or diameter, 
(3) evenness of length and diameter, (4) presence of natural twist or roughness 
to help the fibres to hold together. Spinning may be defined as the laying of 

• 3 
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the fibres parallel to one another and twisting them together round a longitudinal 
axis There are exceptions, as in the of case woollen yarns, but the definition 
applies to all cotton yarns 

It IS diffirult to twist short fibres together and, when twisted or spun, they 
do not resist tension like long ones. Fibres which are too short to spin alone, 
may be spun if mixed with longer ones, but high-grade yarns are always prepared 
from fibres of approximately the same length These are obtained from the raw 
fibres by processes termed “ carding ” and “ combing ” 

Fineness and regularity of diameter are also important. Yarns are spun to 
give a fixed relation between weight and length, termed “ count ” This implies 
an approximately constant thickness or diameter. The value of a yarn is deter- 
mined largely by the regularity of its diameter. But this, in turn, dejiends 
upon the regularity of the diameter of the individual fibres. The cross-section 
of a yam must contain enough fibres to give it the required strength This 
number does not vary much in fine and coarse yarns It follows, that fine yarns 
can only be made from fibres of small diameter. Thus from one pound of a 
low-grade cotton we may not be able to spin more than 33,600 yards of yarn, 
while from the same quantity of a high-grade Sea Island cotton ten times this 
length may be obtained The length of commercial textile fibres varies from 
one half to four or five inches Their diameter is rarely more than of 
an inch. 

Natural twist, or roughness, helps the fibres to hold together. Perfectly 
smooth and frictionless fibres would be difficult to spin, and the yarn would 
offer but little resistance to longitudinal tension The individual fibres 
would be easily drawn out All textile fibres have a natural twist, curl, 
or roughened surface Thus cotton has a highly developed twist, flax a rough 
and ]omted surface, and wool has scales with free projecting edges and also a 
natural curl. 

In addition to these basic properties, there are others which are important, 
and determine, also, the value of a fibre and the juirpose for which it may be 
used These include (1) softness, (2) suppleness or flexibility, (3) lustre, (4) 
permeability to solutions of dyes, etc , (5) absence of colour or degree of resistance 
of natural colour to bleaching, (6) resistance to decay The properties of a 
textile fibre designed for sack cloth or string are obviously of a different order to 
those of a fibre intended for a lace or a dress material In the first case strength, 
elastidty, and durability are the chief requirements. Colour, softness, perme- 
ability are unimportant. On the other hand, a fibre for a dress material must 
be soft, supple, lustrous, permeable, and devoid of natural colour or easily 
bleached. 

Some natural fibres possess more of these properties than others Silk has 
all, wool and cotton have many, ramie has several, but is so deficient in others, 
such as softness, that it cannot be worn next the skin 

These properties may be latent in the natural fibre but can be developed 
dunng the preparatory procesies, or after manufacture of the yam or fabric. 
Thus, softness, lustre, and permeability only become apparent when the 
naturally occurring or adventitious impurities are removed by physical or chemical 
processes. 

Coloured fibres may be rendered white by scouring and bleaching. Sometimes 
a property m which p fibre is deficient may even be imparted to it by a suitable 
physical or chemical process Thus, the lustre of cotton can be increased by 
the processes of schreinerising or mercerising. Each textile fibre demands 
different treatment to bring out all its properties. The object of this treatment 
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IS always the same — that is, to leave the fibre with its properties highly developed 
without, at the same time, damaging its value for textile purposes. For purposes 
of study textile fibres may be grouped as follows ’ — 

1. Unicellular cellulose fibres — cotton 

2 Multicellular cellulose fibres — flax, ramie, hemp, jute, posidonia, etc 

3 Animal secretions — silk , 

4 Appendages of the epidermis of animals — wool, hair, fur. i. - fi. . 

5 Artificial fibres -lustracellulose, viscose, cellulose-acetate 

6. Mineral fibres — asbestos 

Cotton IS the only unicellular fibre of much commercial importance Each 
fibre 18 a single complete vegetable cell forming a hair on the cotton seed. It 
IS produced for the special purpose of assisting in the distribution of the ripe 
seed Its structures and properties will be dealt with fully later. Other 
members of this class are kapok, mudar or yercum, silk cotton or scmal cotton. 
They arc all plumose fibres (i e hairs) from the seeds of jilants. Kapok hairs 
are produced by the seeds of the kapok tree, which grows in India, Ceylon, 
South America, and Africa It is a silk-likc hair, which is, however, too 
short for sjiinning, its length bemg only about half an inch. It is used 
for other purposes, such as stuffing mattresses Mudar or yercum fibres 
come from an Indian plant They are short and silky, and have little 
s|)inning jiower Scmal cotton consists of the seed hairs from Indian Bombas 
malabo) icum. 

Multicellular Vegetable Fibres. -These fibres, unlike cotton, consist 
of many cells joined together Moreover, they are not, like cotton, hairs 
attaclu'd to the seed of a plant, but 
part of the stem or other tissue. 

They are not, therefore immediately 
available for spinning, but must be 
separated, first, from the stem or 
tissue of which they form an integral 
part The multicellular fibres all 
consist of the ultimate “ bast fibres ” 
obtained from the inner lining of the 
fibrous bark of a plant Flax may 
be taken as an example The flax 
plant belongs to the natural order 
Linaceoe, and species Lmum umtuhs- 
sitnum It 18 widely distributed, 
and IS cultivated commercially in 
many countries, including Belgium, 

Holland, England, and Ireland 
Courtrai flax, the mo.st valuable 
variety, is grown in Belgium 

The jilaiits, which are herbaceous, 
are grown each year from seed. When ripe they art pulled out of the ground 
and allowed to wither The stalks, leaves, and se' d arc then scjiarated from 
one another by combing The seed when pressed yields linseed oil, the residue 
being made into cattle cake The withered stalks contain about 75 per cent, 
of bast fibres. A transverse section of a flax stalk is shown in fig 1. 

The pater layer consists of cuticle ; beneath this is the cortex, c. In the 
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centre is the harder lignified tissue known as the zjlem, x, and between this and 
the cuticle comes the softer tissue, or phloem, p, which is actively growing, and 
through which the cell sap, containing the dissolved food matter, is conveyed. 
Imm^ately above the zylem is a layer of cells termed the cambium, ch, and 
in the tissue above this are bundles or groups of cells, which constitute the 
bast fibres, b. The first process in the separation of the bast fibres is termed 
“retting.” The object of this is to break down the structure of the stem 
and dissolve the cementing substances which hold the various tissues to-^ 
gether. There are three kinds of retting processes, viz. (1) water retting, 
(2) dew retting, (3) chemical retting. 

In water retting, the stalks are tied m bundles and covered with water in 
a tank. Putrefactive fermentation, caused by bacteria, soon sets in This 
softens the stalks, owing to the decomposition of the outer less-resisting tissues 
and solution of the intercellular cement. When the fermentation has pro- 
ceeded far enough, the bast fibres can be separated from the rest of the stalk. 
If the fermentation be earned too far the bast fibres may be damaged. This 
is prevented by careful inspection and control of the process, which takes 
about three weeks for completion. 

Dew retting is similar in its action, but slower. The stalks are spread on 
grass to ferment and, if necessary, moisture is supplied by occasional watering. 
Sometimes fermentation is started by water retting and completed by dew 
retting. 

Chemical retting consists of boiling the stalks with acid or alkali, with or 
without pressure, and then washing away with water the soluble bodies produced 
by the chemical action The process is quicker thuii cither of the other two. 

After retting, the stalks, or retted fiaz, are passed 
between rollers, to squeeze out the excess of water 
and soluble impurities, and are then washed and 
dned 

Breakiihg is the next ojieration The dned stalks 
are crushed by means of pairs of horizontal fluted 
rollers which break up the woody tissue, or xylem, 
into small fragments, leaving the less brittle bast 
fibres undamaged After “ breaking,” the crude fibres 
are separated from the broken woody fragments by a 
process termed ‘ scutching.” This may be done by 
simply beating the broken stalks by band till the 
woody tissue is removed, or by a machine specially 
designed to produce a similar beating effect 

The scutched flax is then “hackled.” This is a 
combing process which finally separates the bast fibres 
and lays them parallel to one another, removing, at 
the same time, the sl^ort fibres The hackled flax, is drawn out aud spun in a 
similar manner to cotton. 

The fibres vary in length from 1 to 3 mches. Each fibre is composed 
of a large number of fibrils consisting of cells joined together. These have an 
average length of about 1 inch, and a diameter varying from to of 
an inch. 

Mtcroscoptc Structure . — The ultimate flax fibre has the appearance of a 
straight tube with thick cell walls and a narrow but distinct lumen (fig. 2). 
The end of the fibre appears 'to be pointed, while on the outer surface longi- 
tudmal striations are visible, ^e cross-section is polygonal in shape^ Nodes 



Fia 2.— Flax libie. 
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or swellings are visible on the surface of the fibre, giving it a jointed appearance. 
Where these joints occur, as well as at other points, transverse divisions will 
often be seen across the fibre, placed somewhat (mliqudj to its longitudinal axis. 
Both the joints and transverse partitions are rendered more visiUe bj mounting 
the fibre in iodine-sulphuric acid or zino-chlor-iodide solution. No natural twist 
can be seen, but the apparently rough surface of the fibre and its jointed structure 
assist in q>inning. 

Ramie consists of bast fibres from the ramie plant, or Cihina grass, a 
species of stingless nettle which is cultivated in China, japan, India, South 
America, and other places. The plant, or shrub, grows to a hei^t of from 
4 to 8 feet. It is hardy, grows rapidly, and yields three or four crops each 
year. The preparation and properties of the fibre have been described fully 
by MarshaU {J. 8oc Dyejs and Ccl., 1922, p. 293), from whose papm the 
following details are taken . — 

After the plants are cut down they are “ decorticated.” This consists of 
removing the outer bark and separatmg the bast fibres in the form of ribbons. 



Fiu. 3. — Ramie fibres. Kia. 4. — Meroensed ramie fibres. 


A, Single ramie Sbie meroerlBed under full fenaloiL 

B, n », „ without taiflUaL 

which are hung out to dry. This process is carried out largely by hand, the 
stems being first soaked m water, and the bark spraped ofi with a knife, a 
ring, or the fingers. The dried decorticated matenal forms commercial China 
grass. The decorticated fibre is “degummed” to remove the impurities. 
The process is very similar to that us^ for scouring cotton, which will be 
described later. 

Musroscopio Structure . — Ramie fibres are similar to flax but coarser and more 
irregular, with a wide, well-marked lumen (fig. 3). Bleached ramie is white, 
soft, and highly lustrous. It has a higher tensile strength than any other 
vegetcrible fibre, and is also more durable, but it has not the flexibility of cotton. 
The individual fibres lack the power of cohesion. This causes yams spun from 
ramie to be hairy, diminishes their lustre, and makes them unsuitable for wearing 
next the skin. Moreover, owing to lack of flexibility, ramie has a tendency to 
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break. The following table shows the chief physical properties of ramie compared 
with other fibres : — 



Ramie 

Max. 

Cotton. 

Hemp. 

Silk 

Tensilo strength 

lUU 

25 

12 


13 

Klosticity 

lOU 

«6 

100 


400 

Torsiun 

KM) 

80 

400 

■■ 

600 


According to Marshall {he. al.), mercensation of ramie yams, or piece goods, 
produces an increased lustre and a loss of hainness. But it has also another 
interesting effect it produces a twist similar to that of cotton. This, however, 
is only the case when the mercerisation is carried out without tension. This 
effect is shown in hg 4. 

Animal secretions, such as silk, are solidified viscous liquids produced 

by silkworms and other caterpillars, 
spiders, or certain shellfish. They differ 
from other fibres in two important respects 
they are continuous, or of indefinite as 
opposed to definite length. Thus, a silk- 
worm may spin 3000 yards of silk without 
a break Since they are solidified, or 
coagulated, liquids they are not composed 
of cells and are comparatively devoid of 
structure, having generally a cybndrical 
homogeneous ap]>earance when seen under 
the microscope. 

The silk fibre consists of an inner core 
of fibroin, or silk, and an outer sheath of 
sencin, or silk gum A considerable part of 
the body of the mature silkworm is occupied 
by the silk glands These are convoluted 
and cylindrical in shape and placed on each 
side of the body (fig 5). Each gland is pro- 
vided with a duct, which leads to an orifice, 
termed the spinneret, in the lower lip of the larva The gland is filled with a 
VISCOUS fluid, which coagulates on coming into contact with the air A separate 
thread, or brin, is produced by each gland. These are cemented together as they 
sohdify, forming a double thread or have. When this is examined under the 
microscope it is seen to consist of two cyhndrical threads each of which has a 
somewhat opaque outer sheath (fig 6) In places the two threads may be 
separated temporarily. The outer sheath constitutes about one-quarter of the 
fibre and consists of scncin or silk gum Its definition becomes plainer if the 
silk be soaked in cold dilute hydrochloric acid before examination. The inner 
portion of the fibre is the true silk or fibrom. Although this appears to be struc- 
tureless, it consists in reality of a large number of fibrils cemented togetUbr. 

These become visible only when the silk is treated with a chemical ret^ent 
such as an alkali, when they form small knots known as flocons or pelotons (fig. 7). 

Tussur, a wild silk, differs from true silk in that the fibrillar structure can 
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be seen plainly without the aid of chemical reagents (iig. 8). It has, also, an 
irregular cross-section and a distinct twist like that of the cotton hair. 



Via 0 — Raw ailk. Fio. 7 — Vloruna 


Herzog (Ckem. Zeu , 1923, vol. iv. p. 237) has stated, as a result of examining 
bilk by means of X-rays, that it is built up of minute CTystals, one axis of 
which runs parallel to that of the fibre. It was thought, at one time, that the 
silk glands contained a single fluid, 

which, as it exuded from the spin- f m H 


neret, became suiierficially oxidised to 
setioin, the relation between fibroin and 
senciu being supposed to be 

Ci»H,,N 50 e-f 0 -fH, 0 =CuH,jN 50 ». 

Other observers held that the glands 
contained both fibroin and sencin in a 
liquid state. Thus, Georgevics states 
that if the silk gland be cut through at 
its thickest part, it will be found to 
consist of two distinct portions- an in- 
ternal transparent layer, and an external 
portion which is colourless, greenish, or 
yellow according to the breed of the 
worm, and which occupies about one- 
quarter of the total volume. This outer 
layer is the sericin, and the inner the 
fibroin. But it is difficult to under- 
stand how one gland could produce two 
distinct liquids. Later researches appear 
to prove that the worm has two pairs 
of glands Those descnbed above secrete 
the fibroin. Placed near the head of 



Fio, 8 — ^Tussor silk. 


the worm are two others, with ducts which open at the spinning orifice. As the 
thread of fibroin issues hrom the silk glands it is covered with the secretion of 
the second pair, which when it solidifies forms the sheath of sencin and cements 
the two thread together. 

The way in which the liquid secretion coagulates is also somewhat uncertain. 
It cannot be mere drying, for there is no loss of water daring the process. It was 
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thought bj Dubois that fbe change is due to an enz 7 me, uud is similar to that 
which takes place when blood clots. This is known to be due to the action of an 
enzjme’tenned thiombase. Foa (J.S C.I., 1912, p. 224) gives another explana- 
tion, namely, that sohdification is caused by mechanical strain during the ejection 
of the viscous secretion through the spinning orifice. He proved that it could 
not be due to mere exposure to air by drawing out several metres of silk from a 
worm entirely under water. 

Both sencin and fibroin are allied closely to the proteins, being classified 
generally as scelero-proteins. But the sericm, or silk gum, resembles gelatin m 
many of its properties. Thus it swells up and ultimately dissolves in hot water, 
and more readily in the presence of soap or a mild alkali such as sodium carbonate 
It 18 removed from silk by these means. 

Appendages of the epidermis of animals, such as wool and hair, are 
multicellular fibres consisting of the same kinds of cells as those of the epidermis, 




710.9 — W ool fibie, transverse settiun Kio 10 — Cortical rells. 

A., Oellg iroui modulla with uuulii uid fat globules. 

S, n „ oorticnl sabstanoc with doogatcd 
uucli*i and pigroeut cells. 

Cy Structureless honiT scales from the outlclc 
{After Bowman ) 

from which they are produced. A transverse section of a wool fibre (fig. 9) shows 
three different types of cell In the centre are some rather large polygonal cells 
forming the medulla. External to this is the cortex, the cells of which are more 
compressed. Their cross section is polygonal also, but as they come nearer the 
periphery of the fibre they appear gradually fiatter, becommg, ultimately, trans- 
formed into homy scales which form the outermost layer, termed the cuticle 
or epithelium. 

When the cortical cells are teased out they are seen to be long and spindle-hke, 
whilst those of the cuticle are flat, homy plates (fig. 10). 

In wool, these epithdial scales have imbricated edges, pointing towards the 
tip of the fibre. Moreover, they are not completely adherent to the cortex, 
but have free serrated edges which overlap the adherent portions of the adjacent 
scales. These are illustrated in fig. 41, which shows a high-grade wool fibre. It 
will be noted that the cortex cannot be seen through the epithelial scales. 
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In higb-grade wool the medulla is idmost indistinguishable from the cortex, 
being only ocoasionslly visible. Hair and fur have the same structure as wool, 
but differ in details. The epithelial scales are smaUer, more numerous, and have 
rounded instead of imbricated edges. Moreover, they are often comjdetely 
adherent to the cortex. The medulla is also commonly visible. A human hair 
is shown in fig. 12. * 

The artificial fibres, or silks, are all derived from solutions of purified cotton 
or wood pulp, by either evaporation or coagulation. They are therefore con- 
tinuous like silk, and structureless. They will be described more fuUy in a later 
chapter, but they include mtrocellulose silk, cuprammonium silk, viscose silk, 
and acet}l silk (or cellulose acetate). 

Mineral Fibres. — Certain varieties of asbestos have a fibrous structure and 
are capable of being made into fabrics, which are used on account of their fireproof 



Fio 11. — ^Typical wool fibre. Kio 12 — Human hair 


properties. But apart from these, mineral fibres are but little used for textile 
purposes 

The different classes of fibres are readily distmguishable by means of the 
microscope. There are, also, certain chemical tests which may ^ employed. 

Vegetable fibres, when purified, contain only traces of nitrogen, consisting 
almost entirely of cellulose. They bum readily with a luminous clear fiame, 
unaccompanied by smell. When heated in a test-tube they are carbonised, 
and evolve vapours with an acid reaction. If treated with cold concentrated 
sulphuric acid they dissolve, and when the solution is warmed it becomes, at first, 
brown, then black, and fiiudly swells up to a mass of carbon. Vegetable fibres 
do not dissolve in a boiling 5 per cent, solution of sodium hydroxide. 

Animal fibres bum slowly and frizzle, giving off fumes with an unpleasant 
smell. When heated in a test-tube they swell up, forming a brownish-black sticky 
mass, and evolving fumes alkaline to litmus and smelling of ammonia. Heated 
with strong sulphuiic acid, animal fibres dissolve but do not carbonise as readily 
as vegetable fibres. All animal fibres dissolve when boiled with 5 per cent, 
sodium-hydroxide solution. In the case of wool or hair the solution contains 
sodium sulphide, and gives a black precipitate of lead sulphide when treated with 
lead acetate solution. Silk which contains no sulphur does not give this reaction. 
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Artificial fibres if prepared from ceDulose give the reactions of vegetable 
fibres, except that they generally bum more readily, those prepared from nitro- 
cellulose being extremely inflammable. They may be distmguished from 
vegetable fibres by then greater lustre, and by the fact that when soaked m water 
they lose most of their tensile strength. 

Mineral fibres, and sometimes heavily weighted natural fibres, will not burn. 
The latter, when ignited in a platinum or silica dish, leave an ash which generally 
retains the same form as the onginal material. 

The group to which a fibre belongs may be determined by means of the 
following special tests > 

Group 1— Cotton.— The characteristic constituent is cellulose. 1 When 
boiled with a 5 per cent, solution of sodium hydroxide cotton does not dissolve. 

2 Cotton dissolves in cold concentrated sulphuric acid When the solution 
18 warmed it blackens and swells up, forming a mass of black carbon. If the 
solution in cold sulphuric acid be poured into excess of cold water a precipitate 
(amyloid) is produced. 

3. Cotton dissolves when warmed with a concentrated solution of zinc 
chloride. If this solution be diluted, a precipitate of cellulose is obtained. 

4. Schweitzer’s solution, especially if warmed, dissolves cotton readily. 
Schweitzer’s solution is prepared as follows Dissolve 2 grammes of copper 
sulphate in 100 c c. water Add sodium-hydroxide solution till all the copper 
18 preciiiitated. Then filter of! the precipitated copper hydroxide and wash it 
with distilled water till it is free frojW alkah. Dissolve this residue in 20 per cent 
ammonia solution. The reagent does not keep well and should be freshly 
prepared as required. If the solution of cellulose in Schweitzer’s reagent be 
poured into dilute acid, the cellulose is re-jirecipitated Tests 3 and 4 should 
be made with the material after boiling with sodium hydroxide Boiling sodium 
hydroxide removes impurities such as oil, which would delay or inhibit the 
action of the solvents. 

5 Cotton gives a blue colour with lodine-sulphuric acid. This test is carried 
out as follows; Prepare the following solutions (I) Dissolve 1 gramme 
potassium iodide in 100 c c water and shake with iodine till a deep brown solution 
18 obtained ; (2) mix 20 c c. glyceniie with 100 c c water and add 30 c c con- 
centrated sulphuric acid To perform the test soak the fibre in the iodine solu- 
tion. Squeeze out the excess of the reagent or remove it with blotting-paper, 
then immerse it in the sulphunc acid solution 

6. Another useful reagent for detecting cellulose is zinc-chlor-iodme This 
is prepared by shaking iodine with a saturated solution of zme chloride to which 
some potassium iodide has been added Cellulose is coloured blue when treated 
with this reagent 

Group 2 contains two sub-groups. Hemp and jute are characterised by the 
presence of hgnocellulose, while flax and ramie contain none All give the same 
general reactions as cotton, except that they dissolve much less readily in zinc 
chloride and Schweitzer’s solutions. Lignocellulose is detected by soaking the 
fibre in a solution of ad|liiic sulphate in water. If lignocellulose be present a 
yellow colour is produced- Jute is more deeply stained than hemp. When 
treated with lodine-sulphuric acid, fibres containing lignocellulose are coloured 
yellow. 

Bleached cotton and flax may be distinguished by the following tests : (1) 
When soaked in a cold solution of potassium hydroxide, cotton is unchanged 
but flax generally becomes yellow. (2) Dry and soak in olive-oil Press out 
the excess of oil between blottmg-paper. Flax will now be transparent and 
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cotton opaque. The reactions of ramie are the same as those of cotton. It is, 
however, easily distinguished by its appearance and feel. 

Group 3— Silk. — 1. Silk dissolves when boiled .with 5 per cent, sodium- 
hydroxide solution. If lead acetate be added to the solution obtained no black 
colour or precipitate is produced. 

2. When silk is warmed with strong hydrochloric acid (from 40 to 50 per cent.) 
it dissolves in about five minutes. 

3. Silk dissolves readily in Loewe or Richardson reagent, slowly when cold 
or rapidly if warmed gently. These reagents are made as follows : — 

Loewe Reagent. — Disaolve 10 grammes of copper sulphate in 100 c.c. water. 
Add 5 c c. glycerine and then 50 per cent, sodium-hydroxide solution till the 
precipitate of copper hydroxide first produced is just dissolved. 

Richardson Reagent — Dissolve 25 grammes nickel sulphate in water. Add 
dilute (10 per cent ) sodium-hydroxide solution tiU no further precipitate of 
nickel hydroxide is produced Filter oS the precipitate and wash it with dis- 
tilled water Then wash it into a 250-c c. flask with a bttle distilled water. Add 
125 c c of strong ammonia solution (sp. gr. 0-88) and make up to 250 c.c. with 
water The solution must be shaken before use. 

Both Loewe and Richardson reagents decompose on keeping and should be 
prepared frequently 

Group 4- Wool. — 1 Wool is insoluble in concentrated hydrochloric acid 
(40 to 50 per cent ) even when warmed 

2 Dilute alkalis, sodium and potassium hydroxides up to 5 per cent, strength, 
disaolve wool on boiling and slowly attack it when cold. Cold, strong (40 per cent. ) 
sodium hydroxide, when allowed to act on wool for about five minutes, produces, 
after washing, an increased tensile strength and lustre. Strong alkalis when 
heated dissolve wool immediately. When lead acetate solution is added to the 
solution of wool in sodium hydroxide, a black precipitate of lead sulphide is 
thrown down. 

3 If wool be boiled with a 10 per cent solution of copper sulphate, squeezed 
and treated with dilute sodium-hydroxide solution, a violet colour is produced. 
This IS known as the biuret reaction, and is given also by silk. 

4 Animal fibres, silk and wool, when boiled in a decolorised solution of 
magenta and washed in water are dyed pmk. Vegetable fibres are not dyed by 
this reagent. Decolorised magenta is made by dissolving magenta in water and 
passing sulphur dioxide into the solution till the colour is just discharged. 

Group 5. — Artificial silks give the general reactions for cotton. They are 
insoluble in boiling sodium hydroxide or in Loewe or Richardson reagents. They 
are all dissolved by concentrated cold sulphuric acid and are stained blue by 
iodine and sulphunc acid. Nitrocellulose silk, owing to the presence of nitro 
(NOj) groups, gives a blue colour with a solution of diphenylamme m concentrated 
sulphunc acid Acetyl silk is soluble m acetone. When heated with sodium- 
hydroxide solution it IS saponified, sodium acetate and cellulose being formed. 
If the mixture be filtered and concentrated, acetic acid may be identified by the 
following test. After careful neutralisation, a httle neutral feme chloride 
solution IS added. In the presence of acetic acid a red colour due to feme acetate 
IS produced When the solution is-boiled, the iron is completely precipitated as 
reddish-brown basic acetate and acetic acid is given ofi, which can be identified 
by its smell. 

Fejj(CjH30g)(|-l-2Hj0=Fe2(C2H30g)4(0H)g4-2CgH402. 

If an artificial silk be neither nitro silk nor cellulose acetate, it is either viscose 
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OT cupTammonium silk. These may be distiaguished as follows : Place about 
0'2 gramme of the sample' in a tesi^tube with 10 c.o. of concentrated sulphuric 
acid. Both kinds dissdve. In the case of viscose a reddish-brown colour is 
produced in from one to two minutes, and the silk dissolves, forming a brownish 
liquid. Cuprammonium silk gives a yellow colour, changing, through yellowish 
red, to a pale brown solution. This ^nd of silk often contains traces of copper, 
which serve also for its identification. 



CHAPTER III 


NATURAL HISTORY OF COTTON; VARIETIES AND CLASSI- 
FICATION OF COMMERCIAL COTTON ; BLENDING, BUYING, 
AND SPINNING. 

Cotton is one of the oldest and most important of vegetable fibres. It has been 
grown and used in India and China for at least two thousand years. It was 
known, also, to the Eg 3 rptians, and was found in cultivation in the West Indies, 
Mexico, and South America hy Christopher Columbus and other explorers. Its 
cultivation was introduced into North America by the early settlers. 

Natural History of Cotton. 

Cotton grows best between the parallels of latitude 45° N and 35° S. 
These include Asia, Africa, Australia, America, the East and West Indies, and 
various parts of the British Empire It is indigenous to Amenca, Asia, and 
Africa, from whence it was introduced, probably, into other countnes. The 
cotton plant belongs to the natural order Malvaceae, which includes the maUow 
and hollyhock. A natural order is subdivided into groups, each of which is 
termed a “ genus ” j,ach genus contains a number of different “ species.” 
Cotton belongs to the genus Gossypium, which contains several species. The 
genus Oossyptum includes herbaceous plants, shrubs, and trees which are 
naturally perennial Cultivated cotton is, however, grown generally as an 
annual. The plant produces a flower and subsequently seeds. The latter are 
covered with hairs whose ultimate function is to assist in the distribution of the 
npe seed. These hairs are the raw cotton fibres of commerce. The leaves of 
the plant are lobate in form, having from three to five lobes. 

The flowers (fig 13) are yellow or purple, and grow singly from the axils of 
the leaves. They have three bracts at their bases each with several indentations, 
the bracts being joined together at their bases. 

The fruit consists of a capsule with from three to five cells (fig. 13 a). At first 
the capsule is closed (fig. 14). It contains the unripe cxitton seeds, wrapped in 
immature cotton hairs. When nearly ripe, the capsule opens and the free ends 
of the hairs escape, the basal end remaining attached to the seed. Each capsule 
or pod contains from thirty-two to thirty-six seeds. 

Species of Genus Gossjiplum. — '^ere are a great many different varieties 
of cotton, and considerable difierence of opinion exists as to which are distinct 
species. The different kinds of cultivated cotton-are, however, mcluded in four, 
or possibly five, species. These are — 

1. Oossyptum barbadenge. 

2. Oossypium herbaceum or indteum. 

3. Oossypium peruvianum. 

15 
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4. Qossypium arboreum. 

5. Gosxypium hirsuluw, which is, however, regarded generally as a variety 
of Gossypmm herhaceum. 


Gossypiiim barbadense. — This species produces the most valuable cottop, 
the chief example being “ Sea Island ” cotton It is characterised by long, fine, 
silky hairs with an average length of from 1 -5 to 2*5 inches. Sea Island cotton 
IS cultivated on the Lslands and a portion of the mainland of Georgia, South 
Carolina, and Florida Its special properties are connected with climate, and 



Fio. 13 — of American cotton plant. 

probably also the saline constituents of the soil, since when grown away from its 
natural habitat it does not develop them so well. Gosf,ypmm larbadense 
IS a herbaceous plant or shrub, of from 6 to 12 feet in height, producing 
a yellow flower and small black smooth seeds, from which the cotton is easily 
detached. Egyptian and many varieties of American cotton are derived also 
from Gosnypwm barbadense, although the length and silkiness of the hnirs are 
inferior to that of the Sea Island product. 

Gossypium herbaceum is widely distributed, but is indigenous to Asia. 
It produces most of the Indian and Asiatic cotton, such as Surat, Madras, 
Tinnevelly. North American cotton, or Gossypium hirsutum, belongs to this 
species, as do, also, some short, low-grade fibres which are, by themselves, of 
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little textile value. Gossypmm herbaceum is a shrub which grows to a height 
of about 4 to 7 feet and produces a yellow flower. The cotton hairs covering the 
seed have a length of from 0‘75 to 1 inch. 



Fi«. 13a — Largo cotton capsule'). 

Gossyplum peruvianutn is a South Amencan species. It grows to a 
height of from 10 to 15 feet, producing a yellow flower and a capsule containing 



Fia 14 — Capsules of cotton plant. 


black seeds, attached together firmly to form a cone-like mass. The hairs are 
from 1 to 1*6 inch in length. Both Peruvian and Brazilian cottons belong to 
this species. 

Gossyplum arboreum grows in India and China. It is a large txee-like 
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plant With a red flower, producing yellowish- white hairs Varieties of this species 
are cultivated in the United States of America 

Cotton Cultivation. 

Although all of the abo\e species of Gotiypium are perennial, producing yearly 
crops of cotton, the quality of the fibre deteriorates, after a year or two, even 
with careful ( ultivatioii If the plants are allowed to run wild, this deterioration 
becomes more rapid and complete The fibres known as “ wild ” cotton have 
little conimereial value The best results are obtained when the cotton plant 
IS raised freshly, each year, from seeds This has also the further advantage of 
enabling the grower to imjirove his product by the introduction of new strains, 
produced b> selective cultivation Constant attention to the details of culti- 
vrfting and feitibsmg the soil is necessary to maintain regularity in quality, while 
many geneiations of selective cultivation and cross fertilisation are required to 
develoji and stabilise a nev variety In the United States of America the ground 
1 1 ploughed m the early winter and exposed Jo the action of the air and frost 
The weithered soil is then broken up and ploughed into fuirows 3 or 4 feet apart 
The seeds arc yilanted in these furrows, at intervals of about 1ft inches This 
sowing takes place in March and April, but, since it is imjiortant to avoid late 
frosts, it may be deferred till May in unfavourable seasons Under suitable 
conditions the young plants begin to be visible in about ten days when they are 
thinned out, if netcs‘ary, and the ground is carefully weeded The young jdants 
grow rapidly Warm weather and a certain amount of ram are necessary for 
their best development Excess of ram favours the growth of weeds and causes 
the cotton plant to produce woody tissue at the expense of the cotton hair 
Excessive dryness, on the other hand, inhibits the growth of the plant and this 
causes a small croji of cotton, which npens too soon While moisture is essential 
during the earlier stages of growth, after the flowers have ojiened, warm dry 
weather is essential to the proper ripening of the crop The flowers open at the 
beginning of June The blossom is succeeded by the elosed pod, whiih contains 
the seeds wra^qied m unrijie, actively growing cotton hairs Later, the pod ojiens, 
and the free ends of the cotton hairs escape and expand to a white, fluffy mass 
This IS termed a “ boll ” The npeniiig of the hairs, followed by the gradual 
atrophy ind drying up of the cell contents now sets in, and this is the most 
intical period during the life hi'tory of the cotton It is during this time that 
the thicl cell walls ,in(l the characteristic twist are produi ed Any unfavourable 
conditions such ae excess of moisture or dcftcienev of sunlight, reterd or inhibit 
the ripening process, causing the hairs to have thin walls and to be deficient in 
nalunil twist The gradual drying up of the cell contents, under the influence 
of the sun, IS responsible for the production of the twist Young cotton hairs 
are turgid with cell liquid and devoid of twist The drying of the cell contents 
proceeds irregularly This causes local contraction and partial collapse of the 
cell walls These factors produce, in turn, torsion which causes the hair to 
twist on its longitudinal axis Roth deficiency, or excess, of sunhght exercise 
a prejudicial effect on the drying up of the cell contents Rapid drying, caused 
by a fierce sun, is not desirable Under such conditions the drymg proceeds too 
quickly and a harsh cotton somewhat deficient m twist results Cottons, such 
as Sea Island and Egyptian, which mature under the best possible conditions, 
are characterised by softness, regulanty, and highly developed twist The 
gathering or picking takes place from August till October. The crop is dned 
in the sun and then “ ginned,” to remove the cotton from the seeds The latter 
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constitute nearly two-thirds of the freshly gathered cotton. The “ gin ” is a 
machine design^ to detach the fibres from the seeds, without damaging either, 
and to separate them from the seeds at the same time. 

There are three types of gins illustrated by (1) the Whitney saw gin, (2) the 
Macarthy gin, and (3) the knife-roller gm. 

The following bnef descriptions are taken from Bowman’s Strwiure of. the 
Colton Fibre . — 

The Whitney Saw Gin is the oldest form, dating from 1794. It is used 
largely for American cotton, except in the case of Sea Island It consists of a 
number of saw-toothed discs forming a cylinder like a number of fine, circular 
saws, with an interval between each, and threaded on to a revolving shaft, 
usually of square section The teeth of the circular saws protrude through a 
grid into a chamber containing the cotton seeds The bars of the grid are just 
far enough apart to allow the saws to clear The cotton fibre, or lint, is caught up 
by the teeth of the saws and drawn through the grid . It is then removed from the 
teeth by means of a revolving bru.sh, and carried away from this by a current 
of air The seeds, after removal of the hnt, fall through an opening in the homier 
into a special receptacle They are crushed and pressed to remove as much of 
the cotton-seed oil as possible The resnlne is made into cotton-seed cake, which 
IS a valuable cattle food The cotton-seed oil is used for soap-making and other 
purposes. 

The Macarthy Gin. — The saw teeth of the Whitney gin are liable to rupture 
the cotton hairs unless adjusted very carefully. In the Macarthy gin the teeth 
are replaced by an adjustable knife The cotton seeds are placed in a hopper, 
or receptacle, provided with a grid A leather-covered roller revolves close to 
the grid, the latter having the same width as the roller and forming the bottom 
o^f the receptacle or hopper, into which the unlinted .seed is fed The seeds are 
pushed against the roller by a reciprocating feed-bar, and an adjustable “ doctor ’’ 
knife holds back the seeds, while the lint is carried up under it, by the revolution 
of the rough leather-covered roller, ui a continuous film 

The Knife-roller Gin. — This consists of either single or double leather 
rollers, the lint being removed by means of a knife 

Ginning is an important jirocess, and if it be carried out improperly the cotton 
may be damaged. If the fibres arc tom from the seed too roughly they may 
become ruptured, or stretched beyond the limit of their elasticity Sometimes 
particles of the seeil coat are cut away with the hairs This introduces the short, 
downy hairs, with which the .seed is covered, into the lint, and which are difficult* 
to remove subsequently 

Cotton treated by a roller gm is much le.ss likely to be damaged than when 
a saw gm is used, but the damage caused by the latter is compensated for by the 
greater output obtained. After ginning, the raw cotton is pressed into bales and 
IS ready for the market. 

The impurities present in raw cotton are - 

1. Bracts and fragments of leaves 

2. Small pieces of the seed coat with attached hairs (termed bearded motes) 

3. Neps, or small whitish specks, which consist of tangled masses of partly 
developed or short hairs 

4 Sand or other mineral matter 

6. Excess of water 

In addition to these, “ stained ” or “ boll-stained ’’ cotton, unripe or dead 
hairs, may also be present. Stamed cotton may be due to exposure to frost. 
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while boll-stained cotton is caused by excessive rain extracting colouring 
matter from the capsule and bleeding on to the fibres. Unripe, or dead, cotton 
may be derived from immature bolls or those killed by frost But all bolls may 
contain a few dead or immature hairs. These will be described more fully later. 

All of these impurities detract from the value of the cotton. Their com- 
parative absence, coupled with regularity of the fibres, or staple, with respect 
to length, fineness, and colour, are the chief factors which decide the actual value 
of a particular sarajile 

Glassification of Commercial Cotton. 

The different varieties of cotton are distinguished by certain characteristic 
physical properties, and by the fineness or count of the yarn which may be spun 
from them. 

In general, cotton is classified by the average length of its staple into fine, 
medium, and short This is illustrated by the following table taken from the 
Textile Recorder Year Book 1922 — 


Cl ASSlilCATION OF TBl. WoBLD S COTTON OboPS 


Variety 

Where tininu 

Li ngth of 
Staple 

S)Hnning Counts 
MaMinum 

OBAnn I - Kinf 


Ini lies 


8i a Tt'Unil 

Egyiitiaii (iSak( 1) 

Tima 

Sudan 

Ecy))liim (VpiKis) 
Stnjilo Aim ik an 
i’truvian 

Kid/ilian (long Nta])lt ) 
Stajik Amcnian 

Charleston, K C 

Iluiid.v and (itoieia 

Lower Egyjit 

Ai i/ona 

Tokai, (.(711 a, amt Kassala 
UpiHi Egvjit 

Mi-mssi[)(ij South Carolina, « tf 
l’( i n 

Noitiuni liia/il 

Nyasaland, Uganda, K.ist and 
South Afriea, sojiotaniia, 
ind Qiuinslaud 

2 and ovii 

H U 
li 

1H8 

11 11 

U 11 

1 1 V -1 1 1 
li H 

Up to 1 J 

U If 

« 


:ioo s 

120 S twist 
IW s nift 

lIHls 

80s 

OOm 

tlBADll, 11 — Ml im M 




Amei lean 

USA 

Mi Aieo 

Brazil 

Riiivua 

West Africa 

Levant 

India 

China and Corea 

i H 
i H 
? U 

1 H 
i H 
i~H 

1 1 

M 

■ 

40 s 

Ubadh III — Shobt 




Chinese . 

('Inna, ete 

H 

30’s 


A few typical cottons may be referred to briefly 

Sea Island Cotton. — This is the highest type of cotton and the most valuable. 
It grows on the coast of the Gulf of Florida, and in the Barbadoes and other 
islands where the soil and climate are especially favourable to cotton cultivation. 
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Sea Island cotton is cbaisoteiised by a long fibre, its average length being over 
2 inches. It is, of course, correspon(Mngly fine, and can therefore be spun into the 
finest counts up to 300’s. The fibre is very regular, has a highly developed 
natural twist and a small proportion of untipe hairs Compared with other 
cottons, it has a high lustre and a soft, silky feel Its colour varies from cream 
to white. There are many varieties such as Florida, Queensland, Fiji. 

£g}rptian cotton is of two kinds, viz brown and white The brown variety 
IS liner than the white. Like Sea Island cotton, it is very regular in quality and 
fully matured. The brown colour vanes m depth It is easily removed by 
bleaching, but it makes it difficult to mix the cotton with other varieties in its 
unbleached state It is the next finest cotton to Sea Island, the length of its 
staple averaging from 1 j to 1| inches It is used for fine counts and can be spun 
up to 200’s White Egyptian cotton is not so fine as the brown variety, being 
not much more than an inch in length 

South American cotton has a medium length of staple, varying from 1 inch 
in the lower to II inches m the higher grades It is strong, but irregular in quality, 
and often has a harsh feel This is due, probably, to the rapid drying of the cell 
contents after ripening. It cannot be used alone for fine counts, its maximum 
spiiimng power being about 70 ’h 

American cotton, grown in the United States, is represented by a large 
miiiiber of varieties, produced by selective cultivation Some of these, such as 
Peeler, Bender, and Allanseed, have an average staple of 1 to inches, and are 
used for medium fine counts such as 80 ’b The lower grades, such as St Louis 
lotton, average 0’9 inch in length, and are used chiefly for low counts such as 32'8 
American cotton is characterised by its good colour, cleanness, and, except in bad 
seasons, regularity of sta])le 

Indian cotton has a comparatively short hair of from 0-6 to 0-8 inch. It 
is somewhat harsh, and contains a considerable quantity of mineral matter com- 
pared with other varieties It has little spinning power. 

China cotton is a good example of a low-grade variety. The hairs average 
from 0 5 to 0'7 of an inch m length and are correspondingly coarse They are 
also harsh, and the twist is not highly developed China cotton has low spinning 
power, and is of comparatively little use except for mixing with higher grade 
cotton 

The following table gives a summary of the comparative quahties of these 
varieties - 


Ongin uf Cotton 

Length of 
Fibre. 

Diametci m 
Inches. 

Spinning 

Power 

Sea Island 

2 and over 

1/1500 

300 

KRVlrtian 

iHi 

1/1.500 

200 

South American 

1 -IJ 

1/1300 

70 

Amoiioan 

0 9-Ii 

1/1300 

70 

Indian 

Ob-08 

1/1200 


Chinese 

05-07 

1/1200 



Blending. — Many yarns are made from blends of two or more different 
varieties of cotton. By careful blending, the properties of two or more kinds 
can be made use of to supplement each other, to lessen the cost of manufacture, 
or to make a yarn suitable for producing particular effects in a fabric. “ Twists,’’* 
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or yams designated for warps, can only be made from the higher grades of cotton, 
since they must have a high tensile strength and elasticity Weft yams can be 
spun from lower grades, for, in these, strength and elasticity are not so essential, 
fullness of body being the chief requirement 

Each vanety of cotton is divided into certain grades which are recognised 
by buyers and sellers These are designated by the initial letters of the descriptive 
terms 

Thus American cotton is graded as— 

1 Good Ordinary or G 0 

2 Low Middling or L M 

3 Middling or Md 

4 Good Middling or G M 

5 Fulls Good Middling or F G M 

6 Middling Fair or M F 

Good Ordinaiy' is the lowest and Middling Fair the highest t>pe The grades 
of other varieties are designated difFereiitlv but each is lecogiiised and (|uoted 
at a different jirice 

Hird (J T< it Ind, 1923, P 269) gives the following description of the 
grade of ravv < otton — 

‘The grade of raw cotton, stTMtlj speaking, depends on its colour and the 
amount of leaf, stalk, and jiarticlcs of broken boll that it contains The staple 
of raw cotton, stnctlv sjieakiiig, is the length of the individual fibres The 
selection of cotton is the determuntion of these two cluirai teristics, and the 
arranging of the cotton into uniform or even ninniug gioups A sjunnmg mill 
which requires a certain grade of cotton must have that grade, or at any rate 
apjiTOXimately that grade and the same afiphes to stajilc A merchant who 
offers a mixed lot of cotton is fortunate if he gets the price of the lowest grade 
bale for the whole lot Every bale iii a well selected lot of ItX) bales must be 
of the same grade and the sinie staple as every other bale There are, however, 
more charactori'-tics to be looked for than those described in the bare dehmtions 
of grade and staple , bales of the same colour, iiid containing the same of leaf 
or trash, m<iy difler through one being well ginned and another gm-cut and full 
of nep Another ina) contain too much moistuic, giving it a dead, flat appear- 
ance, and another, not very frequently met with, may be impregnated with 
fine sand 

In deciding the staple of cotton, there are still more points to be considered 
beyond the bare length of the fibre Fineness is an important consideration , 
a mill using a fine, long stapled cotton would be unable to use a coarse cotton even 
though the fibres were of the same length Evenness is of the highest importance, 
since if some fibres are nppreciabl} lunger than others in the same bales, the 
rollers must be adjusted to take either the longer or the shorter , if the former, 
then the shorter fibres will fall out and there will be a large amount of waste, 
and if the latter, faults will appear in the yarn Strength is another thing to 
look for, and often differs niatenally, even between bales grown m the same 
district Raw cotton is sampled, roughly, bv taking a little and pulling it out 
carefully with the finger and thumb of both hands The length of the fibres 
and their resistaiic e to breaking tension are noted The sample is then examined 
for motes, neps, bracts, dirt, and colour ” 

Cotton Buying. — Cotton is generally bought, in England, through a broker 
It may be either (1 ) “ spot ” cotton, (2) “ on call ” cotton, or (3) cotton “ futures ” 
Spot cotton IS, as the term denotes, actually on the spot, and can be examined 
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before buying and delivered at once, and must also be paid for. Sometimes a 
buyer does not want a large quantity of cotton, immediately, but still wishes 
to secure a supply of a particular grade every fortnight or month. For this 
purpose, he places a contract with a broker for the delivery of a certain number 
of bales, as required, at the pnce ruling at the time of actual dehvery. This 
cotton IS said to be on call. Cotton futures is the term applied to cotton 
on call, except that the period may be longer and the quantities involved 
greater. Cotton futures often become a form of gambling on the price of 
cotton, say three or six months hence. 

Ckitton Spinning.- -Silk is the only textile fibre which can be us^ for 
weaving mto fabrics m its raw state. All others must first be spun into yams. 
In the case of cotton, spinning may be defined as the process of arranging the 
fibres parallel to one another and then twisting them round a contmuous longi- 
tudinal axis The threads thus produced may be doubled together and again 
twisted, to produce two- or three-fold yarns 

The number of fibres in a cross section depends upon the diameter of the 
fibre and the “ count ” of the yam The finer the fibre, the more fibres are 
required to make a yam of a given count or diameter. The following table, given 
by Bowman (The Structure of the Cottuti Fibre, p .%5), illustrates this point — 


Counts 

Average Numbei of Fibres in Cross-section 
of Thread 


American Cotton 

Egyptian Cotton 

40'n 

1^ 

Ibl 

.•50% 

92 

129 

40% twofold 

225 

320 

50% twofold 

180 

240 


The number of complete turns jier inch of twist depends upon the kind of 
cotton, the count of the yarn, and its intended use. The usual number is 
determined by multiplying the square root of the count by a factor. For 
warp yarns this vanes from 3-75 to 4-25, while in the case of wefts it is 
from 3-25 to 3-50 

Spinning. — Baw cotton, as it comes from the bale, consists of innumerable 
fibres pointing in all directions In order to spin these into yam two operations 
are essential (1) to draw out continuously uniform quantities of the fibres, in 
such a way as to make them lie approximately parallel to one another, and (2) 
to twist these fibres together, to form a continuous thread. In early times this 
was accomplished by means of the spindle and distafi. The latter was a stick 
to which a bundle of the fibre was attached loosely, the distaff being either held 
in the left hand or fastened in the belt of the spinner. The spindle was a small, 
tapenng rod, the rotation of which gave the twist to the fibres, and around which 
the twisted thread was wound The twist was imparted by rotating the spindle 
against the body with the right hand and then letting it, whilst still rotating, 
fall to the ground During its fall, the spindle further drew out the fibres and, 
at the same time, twisted them together In order to increase the momentum 
of the fail, the spindle was weighted with a stone or metal whorl, till the weight 
of the yam wound on it was sufficient for the purpose The spmdle and whorl 
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are illustrated in fig. 15, taken from Chambers’s Encyclopadta, from which much 
of the information given is also derived. 

An early improvement on the original distaff and spindle was the provision 
of bearings for the spindle, and a belt and wheel to pi'odncc rotation. A special 
bobbin was also added ujxin which the yarn was wound as it was spun Still 
later, a treadle was introduced which enabled the spindle to be rotate continu- 
ously, and allowed the use of both hands. This was known as the Saxon wheel 
(fig 16) 

A further improvement upon this consisted of placing on the spindle a bobbin 
with a separate motion and provided with two bent arms, termed the fiyer, or 
flight, for winding the yarn on the bobbin The bobbin and flyer revolved at 
different rates, the former imparting the twist and the difference in the rates of 
rotation causing the winding ot the yarn. 




Fio 16 — Spmdle and whoil 


Fio 16 — Saxon wlifel 


Purely mechanical spinning was not invented till 1764, when the spinning • 
jenny was invented by Hargreaves Since that time great developments have 
been made, though the essential jinnciples remain the same as those of the distaff 
and spindle The processes may be divided into (1) preliminary or preparatory 
processes The object of these is to open out the fibre, remove short hairs and 
extraneous matter, lay the fibres approximately parallel to one another, and 
then pull them out in a continuous round rope, or strand, of uniform diameter, 
termed a sliver, and, finally, to draw out or attenuate the sliver till it contains 
the desired number of fibres in its cross-section (2) Spinning or twisting together 
this attenuated strand 

The raw cotton is first passed through a machine termed an “ opener ” This 
consists of cylinders studded with teeth and revolving at a high speed, which 
tease the cotton into separate fibres and form a uniform mass termed a lap 
(fig 17). At the same time the dust, and other extraneous matter, are removed 
hy means of a current of air. 

From the opening machine, the cotton passes to the “ scutcher,” which is of 
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a similar natiue The fibres are again teased out and a broad, uniform lap is 
produced The lap goes to the “ carding machine.” This consists of a number 
of cylinders which are covered with wire ^th bent at right angles. The cyBnders 
vary in diameter, and can be rotated at different velocities and in the same or 
in opposite directions. The direction and rate of rotation determine whether 
the points of the wire teeth, or their flat sides, meet one another or mss. Thus, 
some of the cylinders remove the fibre from one and pass it on to another, ensuring 
that it shall be teased out thoroughly and spread in a uniform manner. The 
broad lap leaves the curding machine through a ring, which converts it into a 
round rope or sliver. The short fibres are also removed by the carding machine, 
so that the sliver consists of those of approximately uniform length. For the 



Fio. 17. — ^Lap of cotton. 
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finest yarns the sliver is submitted to a process termed “ combing,” which 
produces still greater uniformity of length. Fig. 18, taken from Hannan’s 
Textile Fibres of Commerce, illustrates a combed sliver. 

The next operation is “ drawing out.” The sliver is passed through a “ draw- 
ing frame.” This consists of successive pairs of rollers, each pair revolving more 
rapidly than that preceding it This causes the sliver to become drawn out 
or attenuated, and makes the fibres more nearly parallel to one another. The 
amount of the drawing out depends upon the relation between the rates of 
rotation of the initial and final pair of cylinders. If, for example, the final be 
six times that of the initial rate, the sliver is drawn out to six times its original 
length, or six are made into one of the same thickness as each of the original 
slivers The process is repeated, if necessary, till sufficient drawing-out is 
obtained. This drawn-out sliver is then pass^ through a “ slubbing frame,” 
where it is drawn out still further and given, at the same time, a slight twist, • 
which enables it to be wound on a bobbin. The product of the slubbmg frame 
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is termed a “ slabbing.” Two slubbings are then drawn out together, to the thick- 
ness qf one, again slightly twisted, and wound on a bobbin by an “ intermediate 
frame ” After the intermediate frame comes the “ roving frame,” which atten- 
uates, again slightly twists, and winds the “ roving ” on to bobbins These rovings 
are then spun. Spinning may be either continuous or intermittent. The former 
IS done by the “ throstle,” the latter by the “ mule,” spinning frame Throstle 
spinning is used for coarse yarns and the mule chiefly for fine counts Throstle 
spinning is similar in principle to the spinning-wheel. Spinning is continuous, and 
the yarn is wound on to the bobbin as it is spun. The apparatus consists of a 
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spindle, bobbin, and traveller The spindle and bobbin, revolving together, ]iro- 
duce the twist The yarn passes to the bobbin through a traveller, or eye of steel, 
tet on a flanged steel ring, which encompasses the spindle and bobbin The 
traveller keeps the yarn free from the bobbin while the twist is being put in, and, 
being carried round by the bobbin, it winds the yam on to the latter The filling 
of the bobbin is regulated by an up-and-down motion, communicated to the rail 
on which the ring and traveller are fastened Mule spinning is intermittent. 
The bobbins carrying the rovings are mounted on a fixed frame Yam bobbins 
or cops are attached to the spindles, which are mounted on a carriage which can 
travel backwards or forwards over a space of a couple of yards The frame 
carries, also, drawing rollers, which give out fixed lengths of the rovings. As 
they begin to do this the carnage moves backwards and the spindles simultane- 
ously rotate Thus, the roving is drawn out and spun at the same time When 



NATtTBAL HISTORY OF COTTON 


27 


the carriage has completed its backward movement, the drawn-out rovmg is 
spun. The carriage then travels back to the frame, during which time the yam 



Fio 19 — Mule spinning Irnme 

18 wound on to the rotating bobbins or cops The process is then repeated 
indefinitely. Fig 19 illustrates a mule spinning frame 
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VEGETABLE CELLS. 

£ \c H cotton hdir is a single complete vegetable cell whic h, after real bing maturit} , 
gradually dries up and partially collapses A living vegetable cell consists of 
the following parts, which niav be seen m hg 20, taken from Vines’ Tixl Book 
of Botany — 

1 A cell wall or limiting membrane which consists gcncTally of cellulose 

2 Protoplasm 

3 A cell cavity or cavities generally termed vac uoles 

4 Cell sap, which permeates the protoplasm and fills the vacuoles 

The protoplasm is the essential constituent of all living iclls It is a jellv 
like nitrogenous substance of a very complex nature giving the reactions of 
proteins A portion of it is generally diflereiitiated into a ‘ nucleus,” in 
which are one or more smaller “ nucleoh ’ These consist of a specialised kind 
of protoplasm The nucleus performs some definite function in the life of the 
cell, and, as a rule, division of the cell protoiilasm is preceded by that of the 
nucleus In a young cell the cell cavity is entirely filled with protoplasm 
(fig. 20, A) As the cell increases m sue, the growth of the protoplasm does not 
keep pace with that of the cell wall It adheres to the cell wall, but owing to 
its extension vacuoles make their appearance (hg 20, B), which are filled with 
cell sap As the cell continues to grow, the vacuoles increase m size till ultimately 
they constitute the greater part of the cell Sometimes there is only a single 
vacuole, as in fig 20, C, or several as in fig 20 D 

While the cell is growing, it is always full of cell liquid and turgid But 
after reaching maturity, growth ceases and, frequently, the cell contents atrophy 
and dry up, leaving an empty cell cavity This is the case with the cotton hair 
The size and shape of a single cell is very vanable. The smallest may be spherical 
and not measure more than 0 001 of a millimetre in diameter, while a single 
cotton hair may reach a length of from 2 to 3 inches The cell wall is produced 
and laid down by the protoplasm A young cell may consist entirely of proto 
plasm which soon secretes a thin envelope of cellulose As growth proceeds, 
the protoplasm, which is always attached to the wall in a living cell, lays down 
successive layers of cellulose upon the in tenor surface of the cell Thus the cell 
wall has a stratified formation, though this is not always readily seen While 
the cotton hair is a single specialised cell, the tissues of plants consist of collections 
of cells joined or cemented together The cell walls of these may be adapted 
to the special purpose for which the tissue is required Thus, they may be 
ligmfied in the case of woody tissues or cuticularised in the case of cork cells 
Besides living protoplasm and cell sap, vegetable cells may contain other bodies 
for special purposes. These include starch grains, proteins, fat, or wax, and 
crystals of mineral salts The cell sap is an aqueous solution of vanous soluble 
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sodium and potassium salts of both inorganic and organic acids. Among the 
salts present are nitrates, phosphates, and sulphates. Organic acids, such as 
citric and mahc acids, may be present either as salts or in the free state. Soluble 
ammo compounds, such as asparagin, are also found, and often sugar, colouring 
matters, tannins, and glucosides. 

The cotton hair, when young and actively growing, is a long, tapering cylin- 
drical cell attached to the seed at its basal end and completely filled with proto- 
plasm and cell liquid Later, as the growth of the cell outstrips that of the 



Fui 20 - Vegetable cell 

A, Toung cells from the ovary of Sifmp1iOTifarpu\ ranmorvsxtOO , B^CfllB from im older ovary of the same plant 
X 3U0 , 0 und I) from th( fruit of the same plant x 100 » A, coll wall , p, protoplasm , Jr, nudeus , I k, nuclo> 
oins , s, Yocuok lu 0 there ib a single l«u;gc vacuole, the whole of the protoplum forming the panetid layer 
In i> there are severut a acuoh a, and the nnetras hce vn a ccntra\ mosa ol )>roto|AB8m connected with the putetal 
layer by niimirous strands 

protoplasm, the latter becomes collected round the cell walls and a vacuole or 
cell cavity is formed When growth has ceased, the protoplasm and cell sap dry 
up gradually, leaving a partly collapsed cell cavity containing these dned-up 
remains A well-mntured and dried-up cotton fibre thus consists of — 

1 The cell wall composed of layers of cellulose together with similar bodies, 
such as pectose. 

2. The dned-up protoplasm. 

3 The substances which were dissolved in the cell sap, such as salts, ammo 
compounds, and colouring matters. 

4. Substances secreted by the protoplasm for special purposes, such as cotton, 
oil, or wax 

5. Water. 
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THE STRUCTURE OF THE COTTON HAIR; VARIATIONS IN 
STRUCTURE— UNRIPE, DEAD, AND ABNORMAL HAIRS. 

Stuck each, cotton fibre or hair is a single complete cell, its microscopic structure 
will be, in general, similar to that of the typical cell described m the last chapter. 
The length of the hair varies with the kind of cotton and its position on the seed 
Those growing near the base are short in comparison with the others. The hairs 
on a cotton seed may generally, according to Bowman {Structure of the Cotton 
Frbre, p 110), be divided into four classes, which, however, are not very distinctly 
defined. These are — 

1. Short, stumpy, stiff fibres, usually found near the growing point of the 
seed, and which are the last to develop These are termed basal fibres They 
are too short to spin, and are generally left on the seed by the gin 

2 Immature or uiinpe fibres, in which no internal structure can be seen 

3 Tubular fibres with a distinctly marked lumen or cell cavity, and well- 
defined ’cell walls exhibiting the charactenstic twist 

4 Fibres whose structure is tubular, and in which the cell wall with its 
secondary deposits almost fill the cell cavity, giving the fibre a dense and opaque 
appearance These fibres exhibit the charactenstic twist to a marked degree 

Short fibres form an undergrowth to the longer ones They are, as stated 
above, left behind by the gin But if fragments of the seed are taken off by the 
gin, these short fibres are incorporated with the cotton, and if not removed 
produce neps They may, however, be removed from the seed by means of 
a special machine, and are used for making blotting-paper . Immature or unripe 
fibres are jiresent, to a certain extent, in all raw cotton The number vanes 
with the conditions of cultivation Bad seasons, with little sun, increase the 
percentage, and a similar effect may be produced by leaving the cotton un- 
gathered after it has fully matured.^ Bowman distinguishes another form of 
immature fibre, in which the cell is, in places, transformed into a non-porous 
state, imjiervioiis to dye liquors This condition is observed, generally, near 
the upper end of the hair It is accompanied, not only by imperviousness to 
liquids, but also by brittleness, the latter causing the tip of the fibre to break 
off during manufacture These hairs are very similar to “ kempy ” fibres in wool 

They are found only in coarse varieties of cotton, and not in those of a high 
grade such as Egyptian or Sea Island Classes 3 and 4 include all the hairs 
which are nearly or fully matured and which form the bulk of raw cotton A 
typical cotton hair consists of four distinct parts, which may be seen m fig 21, 
which represents a longitudinal section by De Mo'senthal. These are — 

1. An outer coat or cuticle. 

2 The cell wall. 

3 The inner cuticle lining the cell cavity. 

4 The cell cavity, or lumen, containing the residual dried-np protoplasm 
and cell liquid. 
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The cuticles are composed of a diftereniaated kind of ceUulose term^ “cuticular 
cellulose,” which offers considerable resistance to the action of solvents which 
dissolve the cell walls readily. The cell walls, which constitute about 90 per cent, 
of the hair, consist of normal cotton celluloM. If a complete cotton hair be 



Fio 21. — Longitudinal secUon of cotton hair 

examined under the microscope, it is seen to have an open basal end where it 
was cut from the seed, and to tajier, gradually, to a point at its free or upper 
extremity Numerous s jiiral twists or convolutions ca n be observed throughout 
its length (fig 22) which may be either right-handed or left-handed m direction 
These convolutions arc peculiar to cultivated cotton, and are an important 
factor in (ietermiiiing its value as a textile fibre. They are developed, chiefly, 
after the hairs have caca]ie(l from the pod, 
and are caused hy the uneven drying up 
of the cell wall and cell contents Bow- 
men (loc cU.) gives the following explana- 
tion of the process The parts of which 
the fibre is composed differ iii structure 
and density. The cell wall formed by the 
secondary deposits is not of equal thick- 
ness throughout, and the drying u)) takes 
place first where the cell wall is thinnest 
This produces a strain on the cell wall, 
and as the thinner jiorfum collapses it 
tends to cause the cell to twist round 
its central axis This occurs in different 
portions of the hair simultaneously, but 
specially where it is directly exposed to 
the action of the sun The numlier of 
convolutions in a single hair may vary from 200 in the ca.se of a coarse Indian 
to 400 for a fine Sea Island cotton Bowman states that the number of con- 
volutions per inch depends upon the fineness or variety of the cotton, and gives 
the following table {Strurture of the Cotton Fibre, p 118) • — 



No tested 



Mean 

Sea Island 

50 

360 

240 

300 

Egyptian 

50 

280 

175 

228 

Brazilian . 

50 

260 

158 

210 

American (Orleans) 

60 

240 

144 

192 

Indian (Surat) 

60 

JOO 

120 

150 
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This is not, however, confirmed by the work of Gladys 6. Clegg and Harland, 
who have made a very exhaustive study of the subject ( J. Text. Imt., 1 924, T. 14). 

These authors found that the number of convolutions 
in any portion of a single hair depends upon the ratio 
between “ nbbon width ” to wall thickness. The highest 
number, per field, is shown when this ratio has the value 
3-4 to 3-6. They observed, further, that wetting of the 
hair causes a partial elimination of the convolutions and 
of the reversals, but, on redrying, both convolutions and 
reversals return almost unmodified to their original posi- 
tions. Bolling the hairs, under pressure, causes an almost 
complete disappearance of both convolutions and reversals, 
afcompanied by much swelling, but, on redrying, Ihev 
reappear Tension causes the pulling out of some of the 
convolutions, but the reversals remain unaffected When 
the tension is relea.scd there is a distinct tendency for the 
hair to resume its original form. 

The distribution of the convolutions was mapped bv 
Clegg and Harland in the form of curves for a number of 
different cottons They found that, in the ca.se of six 
cottons out of seven, the curve is a two-peaked one, with 
a wide valley occurring somewhere in the middle of the 
hair, and they concluded that the form of curve is 
“ predetermined ” by environmental conditions prevailing 
during the period of growth of the hair That is, the 
distribution of the convolutions are not entirely acci- 
dental, as suggested by Bowman. No differences in the 
number of convolutions or reversals per millimetre exist 
which are capable of producing much effect on spinning 
quality, but the degree of uniformity of distribution of 
reversals may be an important factor. With regard to 
this, they note that there does not appear to be any 
scientific foundation for the practice of judging the de- 
gree of natural twist in a sample of raw cotton by pulling 
a handful apart and watching the rotation of the individual 
hairs 

With regard to the occurrence of convolutions at pre- 
determined positions on the hair, Denham (J Text Imt , 
1923, T 94) makes the following observation “ The cotton 
hair is commonly described, in the popular literature, as 
a long, straight evenly built tube of cellulose, which 
flattens and twists upon the death and desiccation of the 
cell This conception is fallacious The hair grows in a 
closed boll, and the space available for its development 
18 very small compared with the length to which the hair 
can grow. Consequently, the hair is compelled to double 
back upon itself several times, with more or less sharp 
bends, and these bends are fixed in the hair structure by 
the ensuing secondary thickness of the wall A single hair, drawn from a ripe 
seed, will fall into a pattern, in some degree reproducing the position in which 
it grew, and a certain amount of force is needed to keep the hair stretched in a 
straight line. A number of the convolutions on a hair, when carefully examined, 
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will be found to consist of these bends more or less deformed, according to the 
amount of straightening which they have undergone since.” The convolutions, 
according to Denham, follow the direction of the pnmary wall striations, and 
are caused by a double spiral line of weakness 



Flo 24 — Cotton haw showing spores. 


Fig 23, taken from a pi])et bv De Mosenthal (J S C.l , 1904, p. 293), illus- 
trates the superficial appearance of the convolutions on a cotton fibre. 

The surface of the hair appears to be striated, corrugated, or indented. 
De Mosenthal (lo^. eit ) thinks that manv of these markings can, with proper 
preparation of the slides and high mag 
nification, be resolved into pores and 
rows of stomata These are illustratwl 
in fig. 24 

The.se struetures cannot, however,^ 
be stomata m the true botamoal sense 
A stoma always consists of at least two 
cells, and is often multicellular Den 
ham, for these reasons, terms them 
“ bearded pits ” There are present, also, 
striutions and corrugations which cannot 
be resolved into rows of bearded pits 
He states that “ comparison of both of 
these structures with the Vemehehnugen 
found in such fibres as tlax and hemp 
led to the suggestion that they were 
due to the same cause as the latter, 
and were of the nature of ‘ slip planes,’ 
such as those descriliod by llobin«on 
m aeroplane timbers These slip planes 
are probably ])roduced by longitudinal 
(crushing) and lateral (shearing) 
stresses ” They are illustrated in fig 
25 1 from Denham’s paper in the 
Journal of the Textile InsMvle (he cu ) 

Others of the surface markings are 
due, accordmg to Denham, to “buckling ’’ 

The surface of the fibre has a granular appearance suggesting stnations beneath. 
These stnations occur in all parts of the hair It was found by Denham that 
convolutions follow the direction of the pnmary wall stnations. These are not 
• JUlutration by oonrtesy of the Bntuih (>>tton Industry Besearch Aesociation. 

3 



Flo. 23. — Slip planes. 
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always l^isible in an untreated hair, but become plainer after treatment witb a 
swelling agent such as sulphuric acid and iodine Many illustrations of these 
striations are given m the original paper, which should be consulted 




Fig. 2fl 

A liow power B. High power 

The cuticle of the cotton hair is not easy to distinguish from the cell walls 
without preliminarv treatment It consists, as stated above, of a more resistant 
type of cellulose thnii the latter When a cotton hair is treated with a cellulose 
solvent, the cell walls swell u]) and finally dissolve before the cuticle is attacked 



Fio 27 — Fragment of cotton c iiticle 

This swelling of the cell walls causes the rupture of the cuticle and the protrusion 
of globular swellings of partly dissolved ccll-wall cellulose These swellings are 
separated by constrictions, where the ruptured cuticle can be seen wrapped ronnd 
the hair. The inner cuticle lining the cell cavity can be seen also. These 
globular swellings are illustrated in fig. 26. 

The superficial appearance of a fragment of cuticle from cupranunomum 
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solution le illustrated in fig. 27, taken from De Mosenthal's paper already 
referred to. 

Schweitzer’s solution may be used for this expenmeiit Fleming and Thaysen 
(Biochnn J , 1920, p. 25, 1921, p. 407) recommend the following method of 
examining the cuticle From 0-1 to 0-3 gramme of the sample is boiled with 
1 per cent sodium hydroxide solution, soured in acetic acid, washed and steeped 
in 1-5 c c of 15 per cent sodium-hydroxide solution, followeil by the addition 
of 1*5 c.c. of carbon bisulphide. After from fifteen to forty-live minutes some 
of the fibres are placed on a slide, covered with a cover slip, and a drop of water 
allowed to difiuse underneath the latter 

The cell wall consists of layers of ccllulo.se laid down, successively, by the 
living protoplasm of the cell The thickness of the wall varies, as noted above, 
with the degree of maturity of the hair, and is the chief factor in determining 
its textile value The cellulose of the cell wall is differentiated from that of the 
cuticle by being more readily soluble in solvents such as Schweitzer’s reagent 
This does not. however, imply that it is a different chemical substance Accord-' 
iiig to Harrison (Trans Nat Assw 
Cotton Mnjrs , 1916, pp 101, 198), 
it IS jirohable that the difference 
between the cellulose of the cuticle 
and that of the coll wall is not of a 
chemical nature but one of colloidal 
condition, the outer being more solid 
than the inner portions The lamin- 
ated sfructuTc of the cell wall is 
seen in fig 28, which represents a 
longitudinal section of a cotton hair 
bv llownian. 

(’otton depolarises and shows 
brilliant colours when examined bv 
polarised light, which indicates differ- 
ences in the physical condition of the 
different layers of the cell wall I)e 
Moscnthal observed that precipi- 
tates of cotton and nitrated cotton 
from filtered solutions do not depolarise The differences of appearance in 
])olariaed light observed, when the cotton fibre is treated in various wavs, 
including nitration, must be, no doubt, ascribed primarily to a c}gm go m - the 
relativ e tension or strain of the layers The different layers of cellulose in the 
cell Will are, aeconfing to De Moscnthal, made up of minute spherical granules 
of ne-irly uniform size (about 1 (i) They he closely packed, kept in position by 
the outer and inner cuticles, and it is only when the tension of these is sufficiently' 
relaxed that they can escape But beyond this there is some definite plan of 
arrangement. Bowman (Structure of the Cotton F'Are, p 103) was able to make 
out, m certain cases, a spiral-like arrangement of these secondary deposits. 
ITohnel described them as consisting of long continuous threads which became 
straightened when the outer sheath was dissolved and the inner deposit liberated 
According to W. L Ball, the full diameter of the hair is reached almost at once 
when its length is only 0 1 fnillimetre, while its length increases liU the twenty- 
fifth day of development, after which the walls begin to thicken and give strength 
to the hair The thickening is not uniform but leaves simple pits in the wall, 
set obliquely, and the closure of these pits when the wall dries, after the boll 



Fio 28 —Cell w.ill of cotton ban 
(Prom Bowman’s Structure of the CotUm Fxhre ) 
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opens, gives twist to the fibre. The uninucleate cell contents remain alive until 
the boll begins to open, when they die from desiccation. “ The cell wall is 
extremely thin for the first three weeks, and the cuticle which covers it can 
scarcely be differentiated unless the wall has been swollen by Schweitzer’s 
reagent ” 

Denham (J Text Inst, 1923, T 89) has shown that, by treatment with 
suitable swelling agents, striations may be made to appear in all parts of the 
cotton hair These have been referred to above While the paper itself should 
be consulted, the following conclusions may be quoted — 

“ (rt) Stnation of the primary wall invariably occurs, and where not visible m 
the untreated hair can be revealed by treatment with a suitable swelling reagent. 

“ (h) Stnation of the secondary layers does not necessarily follow the lines 
of the piimary wall, hut may occur m any degree of obliquity m each layer. 

“ (c) Where the .stnations in separate layers follow the same lines they 
(^become more and more marked , where thev follow different lines the general 
effect IS to neutralise each other 

“ (d) Such stnations do not follow constant lines Any one set may alter 
its direction mdependentlv of others, and reversals are frequent 

“ (e) Between individual stnations occur lines of weakness, and these break 
down under treatment with swelling reagents 

“ (/ ) In many cases there are to be seen two well-marked lines of weakness 
running parallel with the stnations, and separating them into two almost equal 
bands These are most noticeable when they occur as a double spiral ” 

Pe Moscnthal or “ bearded pits ” mentioned above (foe rit ) are a special 

form of slip plane involving distor- 
tion of longitudinal stnations with 
or without fissunng of the surface 
between the stnations No true 
pits exist m the cell wall, but areas 
of marked permeability occur in a 
double sjiiral jwttern Denliam 
suggests that the stnations are of 
the nature of “ stream marks ” 
caused by the movement of the 
cytoplasm of the growing cell He 
deduces from the study of the 
Tradeseniitm hair and of the cotton 
hair that the cytoplasm rotates 
in a double spiral band, adjacent 
bands moving in opposite directions 
Stnations occur along these hues 
and the double line of weakness at 
the junction of the bands. 

’The inner cuticular layer, 
like the outer cuticle, consists of a 
physically modified kind of cellulose which is less readily dissolved than that of 
the cell walls. . 

The lumen or cell cavity is irregular in shape, and contains the dned-up 
protoplasmic remains. 

The four essential parts of the cotton hair can be seen in fig. 21. They ace 
visible also in cross-sections, which are illustrated m fig. 29. 



Fig 29 — Cotton hair, cross-wotion 
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Variation in Structure of Cotton Hairs.— It will be noted that the cross- 
sections of a number of cotton hairs vary considerably in appearance. In some, 
the cell walls are thick and the lumen plainly visible. In others, the cell wall 
is thin or even absent, and the lumen indistmct or collapsed. The same differences 
are noticeable when a number of hairs are examined longitudinally In most 
cases the secondary layers of the cell wall are very plain, the twist well marked, 
and the lumen distinct In others, these are not so apparent, while, sometimes, 
hairs may be seen which resemble a slightly twisted piece of tape. The lost two 
types constitute what are known as “ unripe ” or “ dead ” cotton. 

Hubner and Pope {J.SCI , 1904, p. 404) describe a cotton hair as having 
the appearance of a flattened ribbon, the erlges of which arc somewhat thickened 
and usually slightly turned up , sometimes to such an extent that they stand 
nearly at right angles to the surface of the nbbon. This description is not in 
agreement with the facts quoted above, but nevertheless the thickened edges of 
the hair, even though they may be incor- 
rectly described, are very typical of fully 
matured hairs and their absence indicative 
of unripeness. In fig. 30 are shown a 
number of cotton hairs of varying degrees 
of ripeness. 

The ripening of the cotton depends 
upon many factors both controUable and 
inctmfrollable Some, such as good soil, 
the use of fertilisers, absence of over- 
crowding and of weeds, cau be controlled 
by the grower; others, such as weather, 
cannot Under favourable conditions the 
bulk of the hairs will ripen fully, but a 
small projiortion of unripe or even dead 
baits IS always present. The quantity, 
however, is inconsiderable and does not 
exceed 1 jier cent But if conditions 
are unfavourable the proportion may 
be comparatively large. In such cases 
the cotton is deficient in tensile strength, 
elasticity, and spinning power. More- 
over, the thm-walled fibres have little resistance to bending stresses Thus they 
tend to become rolled up together and form neps. 

Motes are closely associated with these neps. They consist of (1) a nep which 
IS loosely incorporated in the yam and becomes detached after printing, leaving 
a white area below ; (2) a loose end of yarn which has become detached or removed 
to one side after printing, exposing a white patch beneath , (3) small white 
specks involving a laige number of hairs all of which are dyed normally at other 
portions of their length. Specks of this type are confined to a single strand of 
yarn, thus elimiuating roller damage as a factor m their causation Sometimes 
the white spots are so far below the general level of the fabric that they could 
not have been effected by the printing roller. In other cases the mote may he 
at the general level of the fabric, and possibly protected from the action of the 
dye by a particle of foreign matter. Streaks, a defect in dyeing, are often shown, 
confined to a single strand of cotton. 

Both motes and neps are, of course, associated, often, with fragments of the 
seed coat removed in ginning. But, as mentioned above, all cotton contains a 
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certain quantity of thin walled hairs According to Gladys G Clegg and Harland 
{J Text Inst , 1923, T 125), these are more common in fine cottons, which have 
naturally a comparatively thm cell wall, than in coarser varieties They may 
be ascribed to unfavourable conditions of nutation during growth, while yellow- 
ness of thin-walled hairs is invariably caused by the attack of insect or crypto- 
gainic parasites during boU development If thin walled hairs are present, their 
natural liability to form neps is increased by such processes as ginning, scutching, 
and carding, and especially by small faults in these Not only are these thin- 
willed hairs a source of tensile weakness in cotton yarns, but are the cause of 
trouble iii dyeing, since they give rise to light-coloured spots or streaks This 
appears to be clue to a decreased afiinity for d>estufTs NVheti dy ed with d irect 
dvestiifts. unnne hairs acquire a deeper shade than ripe ones With basic 
Westuffs on a tannin antimony mordant, unrtpe hairs are dyed only in the 
iiitc'rior, while in ripe ones the colour is distributed evenly throughout With 
[alizarin, para-red, and indigo, neps show up as light tolouied streaks or patches 
Haller (J SC 1 , 1908, p 976) found that when ticated with Schweitzer solution 
unripe hairs swell up but do not dissolve They develop a blue colour when 
treated with zinc-chlor-iodide solution much more quickly than rqie hiirs A 
solution of iodine in potassium iodide colours ripe bans a dark yellowish brown, 
whilst unripe bans ac quire only a light yellow colour If unrijie hairs be immersed 
in a cold Holutioii of sodium hydroxide they retain what twist they jjossess 
becoming only more transparent 

H(>r/og (J SCI 1915, ]i 487) notes that while the term dead is ayiplied 
to all thiii-wallecl h iirs which cause neps oi light coloured spots in dyed fabrics, 
little atteinjit is made* to clitlerentiate between unripe and dead h iirs All cotton 
contains the former, but the latter are denied c hielly fiom clc generated yilants oi 
those which have run wild These dead bans are doubly refractive, showing colouis 
under the polarising micioscoyie, the insertion of a mica yilate oi 1 8 A allorclmg 
a ready means of detecting them Hipe hairs remain bright in all yiositions, 
but the broad, flat, dead h iirs show black and white fiortlons according to their 
relative positicms in the field UnrijH* hairs show similar but less marked ellects 

The author recognises three tyjics Tyqie 1, the most common, is very 
iriogular in breadth and structuie, the walls are fairly thick but less so than 
those of the textile fibre The interior and even the walls are highly c barged 
with coloured protein mattern, beard fibres from Egyqitian seeds showing 1 86 to 
2 46 per cent of nitiogc n against 0 49 to 0 54 per cent for the textile fibres , the 
lumen is often filled with yirotojilasm The c uticle is not strongly develcqied, but 
the fibres are charged with an excess of fatty matters m a similar degree to the 
protein They swell rather slowly in cuprammonium and the cell wall is thereby 
stratified into a large number of well difterentiated layers, while the protojilasm 
remains insoluble Type 2 is excejitional, very rarely met with , the fibres are 
flat, ribbon like, very broad, often folded or twisted They .ire gradually dis 
solved by c ujirammomum, without stratification The yirotoplasmic contents 
arc deep brown m colour and iircseiit in very large cjuantities (e q 23 1 jicr cent 
of protein), especially near the base Type 3 occurs particularly iii wild or 
degenerated jilants , the fibres are similar m breadth to the textile fibres, with 
sjiiral htructural markings at an angle of 50° to 63° C They .ire poor ui protein, 
only lightly coloured, with cuticle only slightly developed , they dissolve in 
cuprammonium without special characteristics The interior of the fibres is 
often penetrated by fungus mycelium, which is stained by aniline blue-glycerin 

Lack of lustre on mercerisation may generally be traced to the presence of 
incompletely ripened or otherwise abnormal fibres In order to test the mercer- 
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king capacity, aections of the law yam, about 0-5 mm. long (e g ten separate 
sections), are mounted in a mixture of potassium hydroxide and glycerin on 
slides ruled with fine lines to facihtate counting. In each mount a hundred 
fragments are counted without selection, those which fail to show a perfectly 
cylindrical form being reckoned as non mercerised The proportion of cylindrical 
fragments is m direct relation to the lustre obtainable e g very high lustre, 
93 to 98 per cent , satisfactory, 83 to 87 per cent. ; inferior, 68 to 75 per cent. 

An important paper by Clegg and Harland may be found in the Journal of 
the Textde Institute, 1923, T 125. Dealing with motes which resist the dyestuff 
they give the following conclusions — 

1. The presence of motes and streaks of a lighter shade than the dyed back- 
ground IS mostly due to the presence of neps. 



Fig 31. — ^Nop Eio. 32 — Thm-woUed hairs. 


2 The neps consist of a matted tangle of thm-walled hairs which, in surface 
view, exhibit a glazed appearance 

3. The thm-walled hairs are essentially of the type described originally by 
Crum as “ dead ” cotton. 

4 Herzog’s view that the diflercnce in shade is purely an optical effect is 
substantiated on two mam grounds («) elimination of dispersion effects, by 
immersion m various mountmg media, renders the difference in shade m dyed 
hairs practically neghgible , and (6) in experimentally dyed cloth, the motes and 
streaks only appeared when the glazed surface of the neps was produced with 
a hot iron 

A nep showing a tangle of thm-walled hairs is illustrated m fig. 31, ^ taken 
1 Illustration by courtesy of the British Cotton Industry Research Association 
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from Clegg and Harland’s paper, while fig 32 ^ shows thm-walled hairs oocnrnng 
in a parallel buneh in a dyed fabric, lighter in shade but not m the form of a nep. 

Abnormal Hairs. — In addition to immature and dead hairs, certain other 
abnormal types are met with These have been described by Denham, J. Text. 
Ina , 1923, T 100 They include— 

Branched hairs, of which an illu.stration is given in fig 33 * 



Kii! 33 — Branch! d I’m 34 — Bulgcb. 

hairs 

“ This branching occurs generally within a short distance of the tip of 
the hair, and is a response to reduced pressure on one side of the apex, caused 
by incomplete filling of available boll space, when longitudinal growth in one 
direction is arrested ” 

Bulges. — These consist of local enlargements of the hair, occurring often 
in conjunction with a bend They are fairly common in the coarser types of 
cotton. The hair may, for a short distance, assume a diameter several times 
the normal. Such fibres, naturally, cause trouble m spinmng Examples are 
seen in fig 34 

* Illiisti atioii by couitosy of the Bntish Cotton Industry Research Association 


CHAPTER VI. 


TOE CONSTITUENTS OF COTTON; PROTEINS AND AMINO 
COMPOUNDS ; COLLOIDS ; TOE DETERMINATION OF 
PROTEINS. 

The natural constituents of raw cotton, as exj)lained in the last chapter, are 
simply those of diied-up vegetable cells These include — 

1. Cellulose, which in the case of the cotton hair constitutes nearly 90 per cent, 
of the whole 

2 Proteins and sim])ler anuno comiiouuds 

3 Pectoses, jiectins, and pectic acid-- 

4. Or;;anK' acids, such as tannic acid, and then salts 
5 Oil and wax. 
fi. Mineral matter 
7. Colouring luatterH 
H Water. 

There is no very clear evidence as to the proportions in which the various 
coiihlitiients are present, since they are very diBiciilt to separate Matthews 
(Textile Fibres) gives the following analyses of raw cotton - - 



Surat 

Amine an 

EgV|)tt.ui 

tVUuloM' 

9155 

91 00 

90 80 

Oil and wax 

0 40 

t 35 

0 42 

I’nitojiKism and dcnvativos 

0.53 

0 53 

0b8 

Mincial matter 

0 22 

0 12 

0 25 

\\ ater 

750 

8 00 

7 85 


These figures, though commonly quoted, do no! diiferenliate sufficientlv, 
and Ignore the pectoses and pectins Kneeht and Hall (./ Hoc Dyers and Col , 
1918, p. 220) classify the constituents according to their successive solubility in 
different solvents They give the following table for yarn and raw cotton — 



Raw Cotton 

Cotton Yam 

Enyjitian 

Texas 

Aniriiiaii 

Egyptian 

Jlenzol extiact 

0 47 

0 55 

0 407 

0 444 

Alcohol „ 

0 08 

090 

0 633 


Water „ 

0 40 

0 01 

0 650 

0 509 

Ammonia „ 

0 45 

0 39 

0 425 


Fornuc acid extiact 

0 40 

0 72 

0 650 


Hydrochlorie acid extract 


• 

0 650 

0540 

Total 

3 52 

417 

4 327 

4 142 
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The benzol extract contains the oil and waxes Alcohol extracts an amorphous 
hygroscopic brown substance which contains 1 07 per cent of mtrogen and has 
a strong reducing action on Fehling solution Water removes some of the salts, 
soluble nitrogen compounds, and an amorphous brown colouring matter. Ammoma 
dissolves proteins and pectins while acids remove chiefly mineral matter Pectose 
is still unaccounted for, since it only gives soluble derivatives (pectates) on pro- 
longed boiling with water or alkali 

The following results obtained by the authors from brown Egyptian cotton 
may be quoted also — 


Water 

S05 

Mim I il matte i 

0 99 

Oil and wax 

0 «> 

Matter holiililc in alcdliol 

0 94 

Pidtcins call ulat< <1 fioni totil nitiiigcn 

J99 

Total niattii soluhlt m boiling alkali 

4 24 


Cotton goods, as received by the bleacher, may lontain, in addition to the 
natural impurities, such adventitious matters as lubricating oil, si/e, and dirt 


The Nitrogenous Constituents of Cotton. 

At least three kinds of nitrogen compounds are present in the cotton hair 
These are — 


1 Proteins 

2 Amino ai ids and amides 

3 Conijilcx nitrogenous (onqiounds probably issomted with the natural 
colouring matters whith (annot, like proteins and ammo adds, be removed by 
means of sodium hydroxide 


The Proteins. — The proteins arc coiiqdo'c organic compounds associated 
with animal and vegetable living matter They form the cliief constituent of 
muscle, blcKMl, nerves, and glands of all animals Protojil ism is itself cc)m])osed 
largely of proteins No ]irotem has bec-n prcqiared synthetic ally in the laboratory, 
but it IS thought that they arc built up by protoplasm by the comleiisatiun of 
various ammo acids 

The proteins are, as a rule, colourlese, solid substances They are generally 
amorphous though some are crystalhiic White of egg (egg albumin) dried at a 
low temperature is a typical protein 

The proteins contain the dements carbon, Jiydrogen, oxygen, nitrogen, 
Bulphur, and sometimes phosphorus The proportions vary somewhat with 
the origin of the Nuhstance The limits of variation m composition are given 
in the following table - 


( Hibi>n 

Nitiogi n 
Hydro,;! n 
OxyUdi 
Sulphur 


50 55 1 * r OLUt 

15 lt> 
b9 7 J 
19 24 
0 1-2 4 


The molecular weight of the proteins is not known with certainty, but it must 
be very high Egg albumin may have a molecular weight of about 14,000, while 
in the case of hdemoglobm it cannot be less than 16,000 This protem contains 
iron, and if only one atom were present in the molecule, the simplest formula 
consistent with its percentage composition would be C 76 gHi 2 ojOi 95 N 2 iFeS, 
Casein, which combines with sodium hydroxide in dehmte proportions, is thought 
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to have a molecular weight of from 4540 to 6810, but, as a general rule, very few 
proteins can have a molecular weight of less than 10,000 The proteins vary in 
solubility Some are soluble in water, others sparmgly soluble in water are more 
readily dissolved by dilute solutions of salt, while some are insoluble in both 
water and saline solutions but soluble in acids or alkalis All proteins are 
insoluble in alcohol and other organic solvents They can be precipitated from 
their solutions completely by the addition of alcohol They are thrown down 
also, in every case, when the solution is saturated with ammonium sulphate. 
Some are precipitated when their solutions are only half saturated with ammomum 
sulphate Others can be jirecipitated by means of magnesium sulphate, zinc 
sulphate or sodium chloride This methotl of precipitation is termed “ salting 
out ” Differences in the readiness with which proteins may be salted out are 
used, sometimes, as a basis for their classification, and aii. also of great use in 
their separation and purification 

Solutions of proteins and particularly dilute alkaline solutions, are generally 
coagulated by acids, either at ordinary temperatures or at the boihug point, and 
many are coagulated by heat alone 

These jiropertiea are made use of in the separation oi proteins from animal 
or vegetable tissues and in effecting their punfic ation The tissue is extracted 
with water, dilute alkali, or at id, or with a dilute solution of sodium chloride, and 
the solution thus obtained is precipitated by means of one of the salts mentioned, 
or by hulling, acidification, or the addition of alcohol The precipitate thus 
obtained IS reclissolvcd 111 watei, dilute alkali or acid and rejircc ipitated. Separa- 
tion from saline impurities in<iy be effected also by dialvsis (vid‘ p 45) 

There are many cliffc rent proteins They ma v be divided into certain groups 
The s>Htcm of classihc ction generally adojited is based upon (1) a study of the 
jiioducts of their hjdrol}sis, and (2) the readiness with which they are precipi- 
tated from their solutions by ammonium suljihate, magnesium sul{>hate, or 
zinc sulphate Some of the proteins yield, as first ])roducts of hydrolysis, 
two substances, one of which is a tyjncal protein and the other a non-jirotein 
I'hiis oxihamoglobin gises globin (protein) and lijcniati iii (non jirotem) Other 
proteins, like casein, contain notable quantities of phosjihorus Based upon 
such considerations as these, the following scheme of c lassihcation is given by 
( ohen. Organic Cheniiitry, vol in p 157 — 

1 Protamines 

2. Histones 

3 Albumins and globulins 

4 Glutelms and ghadms 

5 Conjugated proteins (nucleojirotcins, chromoprotems, glucoproteins) 

6 Phosphojirotems 

7 Unclassihed proteins (sc lerojiroteius) 

8 Protein derivatives (metaproteins, proteoses, peptones, polyjieptides) 

The more imjiortant tlas8c*s (Perkin and Kipping, Organic Chemistry, vol ii 
p 577) are — 

(а) The albumins (egg albumin and blood albumm), which are soluble in 
water and are not precipitated when their solutions are saturated with sodium 
chlonde or magnesium sulphate 

(б) The globulins (serum globulin), which are insoluble in water but soluble 
m dilute salt solutions, from which they are precipitated when their solutions 
are saturated with magnesium sulphate 
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(c) The phosphoproteins (oaflem), which contain phosphorus and have an 
acidic character. They dissolve in alkalis, giving solutions which do not coagulate 
when heated. 


General Reactions of Proteins. 

1 Solid proteins, when heated alone, or with soda lime, give off ammonia, 
and, in some eases, also suliihiiretted hydrogen When proteins such as keratin, 
which contain a large jirojiortion of sulphur, are dissolved in boiling sodium 
hydroxide and lead acetate is added to the solution, a black precipitate of lead 
suljihidc is produced 

2 Aqueous solutions of proteins are ojitically active, being strongly lu’vo- 
rotatory 

3 Neutral or faintly acid solutions of most proteins are coagulated when 
heated to 100° C Small quantities of free alkali, or excess of acid, prevent the 
coagulation Proteins are generally precipitated also, when their neutral or 
alkaline solutions are poured carefully ou to the surface of nitric acid The 
test may be rendered more delicate m the following manner. One volume of 
nitric acid (sp. gr I 42) is mixed with five volumes of a saturated cold aqueous 
solution of magnesium sulphate Some of this mixture is placed m a test-tube, 
and the solution of the protein is poured carefully down the side of the test-tube, 
so that the two liquids do not become mixeil The formation of a turbidity at 
the junction of the two luiuids indicates the presence of a protein 

4 Picric acid precipitates proteins from solutions made faintly acid with 
acetic acid Phenol and tannic acid act in a similar manner Almen’s tannic 
acid reagent may be used It is made by dissolving 4 grammes of tannic acid 
in 190 0 c of 50 per cent sjiint and adding 8 c c of 25 jier cent acetic acid. 
Phospbotungstic and phosphomolybdic acids also precipitate all proteins 

5 Potassium ferrocyanide, when added to a solution of a protein made faintly 
acid with acetic acid, produces a flocculent white precipitate 

6. Colour Reactions. — All proteins give certain colour reactions which are 
very useful for their detection. The chief of these are — 

(o) The xanthoproteic reaction. When concentrated nitric acid is added 
to a solid protein a deep yellow colour is produced due to the formation of 
xanthoproteic acid The colour is changed to orange by alkalis A solution 
of a protein gives the same reaction when warmed with nitric acid. 

(6) A solution of a protein when treated with Millon’s reagent gives a white 
precipitate which becomes red on warming The production of this colour is 
due to the presence of tyrosine groups Millon’s reagent is made by treating 
metallic mercury with an equal weight of mtric acid (sp gr 1-4), and, after the 
reaction has ceased, coohng the mixture and diluting it with twice its volume 
of water. It consists of a solution of mercurous nitrate containing nitrous acid. 

(c) Solid proteins are dissolved when heated with hydrochloric acid with the 
production of a violet solution. 

(d) The Tiiuret reaction is given by all proteins To a solution containing 
protein a little copper-sulphate solution is added, followed by an excess of sodium- 
hydroxide solution. When the precipitate has settled down, the supernatant 
bquor has a violet or violet-blue colour. 

The Action of Heat on Solutions of Proteins.— -It has been mentioned 
above that, in many cases, aqueous solutions of proteins are coagulated by heat. 
The temperature at which coagulation takes place vanes with the piotem, but 
as a general rule it is between 55° C. and 75° C. 
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Ciolloldal Properties of Proteins. — ^Proteins are typical colloids, that la, 
when dissolved m water they are unable to pass through a parchment membrane. 
Their solutions exhibit also all the other important properties of colloidal solu- 
tions. It was discovered by Graham, in 1861, that most substances, when 
dissolved m water, are able to pass or “ diffuse ” through a paper parchment 
membrane, but that some are unable to, or only do so very slowly. S^ts, sugar, 
peptone, and many other bodies belong to the former class. Since it contains 
aH the soluble crystalline salts, these bodies were termed by Graham “ crystal- 
loids ” Substances which, like glue, are unable to pass through the membrane 
were called “ colloids,” from kolln which is the Greek word for glue. Other 
important colloids are the starches, gums, proteins, and soaps, all of which are 
of importance in cotton bleaching In studying the phenomenon of diffusion 
an a]>paratas termed a dialyser is made use of. This may convemently con- 
sist of a seamlftss tube made of paper parchment which is suspended m a 
flask containing water (fig 35). The tube must be tested before use to see that 
it does not leak. It is then filled with the solution 
to be examined and placed m a conical flask filled 
with distilled water The flask should be made of 
a hard, insoluble glass, and only freshly distilled 
water condensed by means of a hard glass con- 
denser should be used For details of other types 
of apparatus, Hatschek’s Physics and Chemistry of 
Colloids may be consulted 

If a solution of a colloidal substance, such as 
glue, to which some salt has been added, be placed 
in the dialyser, the salt will pass through the 
membrane into the water, until a state of equili- 
brium has been reached, when as much passes in 
one direction as the other If, howeyer, the flask 
be now filled with fresh distilled water, diffusion 
again sets m, and by changing the water frequently Fiu 35 — Dialyser 

the whole of the salt iiniy be removed and thus 

seiiaraled from the colloidal glue Different diffusible bodies pass through the 
membrane at different rates Thus, hydrochloric acid diffuses more quickly 
than sodium chloride, which, in turn, has a greater rale of diffusion than sugar. 
Even colloids diffuse to a small extent 

Chemical compounds cannot be divided, definitely, into two classes, “ crystal- 
loids ” and “ colloids ” Many are callable of existing in both forms. Thus, 
colloidal solutions of gold, silver, sodium, and other metals can be obtained, and, 
also, of many other bodies such as feme hydroxide Hence the term “ colloid ” 
IS regarded as a state in which matter can exist and not as a particular kind of 
matter. 

A colloidal solution of ferric hydroxide may be prepared very easily in the 
following manner About 500 c c. of water are heated to the boiling-point in a 
beaker or flask While boiling, 5 c c of a 33 per cent, solution of ferric chlondo 
are added The colour of the solution changes to brownish red and a stable 
solution of ferric hydroxide is produced, containing also hydrochloric acid liberated 

by hydrolysis Fe2Cl,-h6H80=Fe2(0H),-f 6HC1. 

The hydrochloric acid may be removed, if desired, by dialysis If ammonia 
be added to the solution, the feme hydroxide is precipitated Ordinary ferric 
hydroxide prepared by precipitation does not dissolve m water. 
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The Properties of Colloidal Solutions. — The properties of colloidal 
solutions differ from those of ordinary solutions of crystalline salts in many 
respects. In the first place, they are generally slightly opalescent in appearance. 
This 18 seen well in solutions of egg albumin or starch. 

When a crystalline salt is dissolved in water, only a definite quantity can 
be taken up by anv given volume of water When the saturation point is 
reached, no more can be dissolved With colloidal solutions there is no definite 
point corresponding to this Thus, glue will dissolve in water in practically all 
proportions. 

Colloidal solutions are capable of existing in two forms. While a hot solution 
of gelatin in water is perfectly liquid, when allowed to cool it sets to a jelly the 
firmness of which depends upon the amount of gelatin present Tf the colloidal 
solution of ferric hydroxide described above be kept for a long time, a gelatinous 
precipitate is produced When a solution of white of egg in water is heated, the 
albumin either becomes coagulated, or the solution sets to a white gelatiiioiis 
mass. A hot solution of starch when allowed to cool forms a thick paste or jelly 
Sometimes, as in the case of gelatin, the solid passes again into the liquid form 
on heating, but colloids, such as albumin, when once coagulated become insoluble 
m water. Some colloidal substances, like gum arable, neither set on cooling nor 
become coagulated when heated The two states in which a colloid can exist 
are distingiiished by the terms “ hydnisol ” (or sol) and “ hydrogel ” (or gel) 
The hot fiiwd .solution of gelatin m water is called a “ sol,” or the gelatin in said 
to be in the sol condition The jelly, produced when the solution is cooled, is 
called a “gel,” or the colloid is said to be in the gel condition In the case 
of egg albumin the cold solution is the sol, the gel being formed on heating 
With ferric hydroxide, the gel is formed simply on standing or when a small 
quantity of an electrolyte is added Thus, if a small quantity of sodium siiljihate 
be added to a hot ferric hydroxide sol, coagulation takes jilace at once, the whole 
of the ferric hydroxide forming a flocculent precipitate (or gel) 

It may be mentioned that, when speaking of colloidal solutions, it is usual 
to term the dissolved colloid the “ disperse ” and the solvent the “ continuous ” 
phase resjiectively 

The large molecular weight of protein has been mentioned It is probable 
that colloids owe their inability to pass through a dialysing membrane cither 
to the size of their molecules, or to those molecules forming molecular comjilexes 
or aggregates which are larger than the pores of the membrane. 

Bechold prejiared membranes, which he terms “ ultra-filters,” in which the 
actual size of the pores can be raca.sured One method of preparing these ultra- 
filters consists of iinjiregnatmg hard filter-paper with a solution of collodion and 
then washing away the solvent by immersing the treated pajier in water The 
size of the jiores dejiends ujion the concentration of the nitrocellulose solution 
used, varying between 930 to 21 millionths of a millimetre By means of these 
filters, it IS possible to obtain some idea of the size of the molecules or aggregates 
which will not pass through Similar evidence is obtained by means of the ultra- 
microscope (I’lrfp Hatschek, p l.’i), which enables the size of the actual particles 
present m a colloidal solution to be measured, if they exceed 5 millionths of a 
millimetre in diameter When colloidal solutions are examined by these methods, 
it appears that, in most cases, the colloid is present in particles which are much 
larger than those which would correspond with any molecular weight determined 
bj' purely chemical or physical methods of investigation. 

In fact, it seems that the substance is really suspended in the liquid, in a very 
finely divided state, each particle consisting of a cluster of molecules of the 
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colloid, these clusters being too large to pass through the pores of the dialysing 
membrane In a solution of a crystalloid, such as sodium chlonde, the molecules 
are present as such Thus the difference between the two solutions may be 
simply one of molecular complexity 

Colloidal solutions have, as a rule, a high viscosity, that is, flow comparatively 
slowly through a capillary tube or fine orifice They owe many of their applica- 
tions, such as the manufacture of artificial silk, to this property When a salt 
IS dissolved in water the solution does not show any marked increase in viscosity 
Colloidal solutions fall into two classes with regard to the increase in viscosity 
compared with water or any other solvent In the first class are those, such as 
colloidal solutions of the metals, whose (olloidal solutions have only a slightly 
increased viscosity The setond class contains chiefly organic colloids such as 
gelatin or starch In these cases, very small quantities of the colloid produce 
a marked increase in the viscosity of the solution It is believed that in those 
solutions which have a low viscosity the disperse phase is present as solid particles, 
while in the sols with a high viscosity the disperse phase is liquid An albumin 
sol, for example, would consist of a dilute solution of albumin in which are 
dispersed drops or globules consisting of a much more concentrated solution 
When a hquid contains solid particles of microscopic size, the term “ suspension ” 
IS employed, while when there are two liquicl phases, we have what is knovrn ala 
an ‘ emulsion ’ The sols arc c died ‘ siispensoids ” and “ emulsoids ” respec- 
tively The siispensoids are less stable than the emulsoids Their coagulation 
IS generally brought about readily by small quantities of electrolytes If, however, 
i small quantity of an einulsoid be added, the suspensoids become much more 
stable requiring a comparatively largo amount of an electrolyte to cause their 
coagul ition Emulsoids used for this purjiose are termed “ protective colloids ” 
'J’his phenomenon is oliserved, often, in the course of ordinary chemical analysis 
It is found, for example, thit many inoi^anic precipitatea are difficult to obtain 
in a solution tout lining even i little gelatin, a colloidal solution being produced 
which in some cases passes through a filter jiaper 

The term pirotective colloid is used also in rather a different sense in 
textile chemistry For example, the presence of gJuc is said to protect wool 
from damage by caustic alkalis This is due probably to another very imjiortant 
jiToj'ortv of (ollouls, namely their power of forming ‘adiorption compounds ” 

Adsorption is not eonfiiicd to colloids Charcoal owes main of its applica- 
tions to its power of ‘ absorbing gvses and colouring matters When an 
aqueous solution of acetic acid is shaken with powdered charcoal and filtered, 
the filtrate contiins less icetic acid than the original solution Some of it has 
been retained by the charcoal 

In dilute solutions the <hsa])pear ince of the acid is nearly complete, but in 
more concentrated solutions the concentration of the acid in the charcoal increases 
less rapidlv with increasing concentration of the aqueous solution The removal 
of the acid is not due to chemical action for the following reasons — 

1 Charcoal acts in the same way towards inert gases surh as nitrogen 

2 If definite chemical combination occurred, the concentration of the acid 
in the water would remain constant till all the charcoal had been converted into 
the new compound, then the concentration of the acid in the water would nse 
rapidly But, actually, there is a continuous steady increase of the concentration 
of the acid in the water 

Many other bodies are adsorbed from their solutions by charcoal Two 
examples may be given (1 ) If an aqueous solution of quinine sulphate be shaken 
with finely powdered charcoal and filtered the filtrate no longer tastes bitter. 
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(2) When a dilute solution of treacle is treated in the same way a colourless 
filtrate is obtained 

Cotton cellulose acts m the same manner When it is soaked in a solution 
of sodium hydroxide and squeezed out, the concentration of the sodium-hydroxide 
solution will be found to be less than it was before Or, when cotton is soaked 
in a solution of copper sulphate it removes some of the salt from the solution 
In all of these cases adsorption compounds are said to be formed Not only 
may a soluble substanie be taken out of its solution, but a solid undissolved 
body nia> become changed into a colloidal adsorption compound and taken into 
solution Thus a solution of soap in water will remove particles of dirt, or iron 
oxide, from a cotton fabric and prcxiuce an emulsion which is capable of caiTj mg 
the jiartieles through an ordinary filter paper 

Slater ( J SCI, 192'i, p Ifil ) gives the following description of adsorption 
“ SubstniK es in < ontact try to mix and do so in many cases Lead and zinc, 
pressed togetlier, form eventually a homogeneous solution Alcohol poured into 
water forms a solution, but the mixing has to begin at the surfaces where the 
two bquids first meet When the molecules of the two bodies intermingle com- 
pletely to fonn <1 homogeneous solution or mixture, the proeess is termed absot p- 
tton The tendency to intermingle is alwa\s present, but intermingling is often 
prevented by resistance to diffusion The substances can then only concentrate 
at the boundary surface, in fhe attempt to mix with one another This con 
centration of one subst ince at the surface separating it from another, providing 
a layer of increased c oncentr ition, only a few molecules thick at most, is called 
adsorphov The molec ules constituting all snhstanc es are in a state of incessant 
motion When a molecule strikes against a solid or liquid surface, one of two 
things hanjien (1) the molecule miy lie reflected, tc it may bounce off again, 
or (2) it may comlense on the surface, i c it may be held by attractive forces 
in such a way that it forms, at lo ist temporarily, n yiart of the solid body If any 
molecules are held to the surface in this way, even for a short time only, a certain 
time interval must elapse before they can evajiorite This time lag will bring 
about an acc umulation of molecules on the surfac e, and may thus be looked upon 
as the cause of adsorjition Neglecting the special attractive forces which cause 
this time lag, the c onsiderations .xffectmg adsorption are - 
1 The number of molecules striking the surface 

‘ 2 Their speed 

The former depends on the pressure in the case of a gas or upon the concentration 
in the case of a li(|uid while the speed depends upon the temperature ” 

The effect of pressure or concentration is seen in the case of charcoal, which 
adsorbs gases under jiroKsiire much more readily than at atmospheric conditions 
In the case of liquids, such as a solution of acetic acid, Schmidt found that when 
animal charcoal wis treated with a solution of acetic acid in water the amount 
of acid retained by the charcoal increased with the concentration of the solution, 
in the manner shown m the following table, when 5 grammes of charcoal and 
1(K) c c of acetic acid were used — 


Acid adsorbed b\ charcoal 
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1248 
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Acid rpm uning in wafei 
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It is seen, from this table, that (a) the adsorption is nearly complete in dilute 
solutions but not so complete in more concentrated solutions, (b) the con- 
centration of the acid in the charcoal increases less rapidly with increasing con- 
centration of the acid in water The adsorption goes on till a state of equilibrium 
is reached, depending upon the concentration and temperature (or pressure in 
the case of a gas) Alteration in either of these conditions destroys the equili- 
brium, and this either increases or decreases the amount of acid adsorbed. The 
process is, in fact, reversibh’. But in the case of acetic acid and water, Schmidt 

found that — was a constant. The relation between the quantity adsorbed 

Oik 


and the concentration of the solution is given by the formula of Freundlich, viz. 

1 

V=KC% where V=thc amount adsorbed, C=the concentration of the liqmd, 
K and n being constants depending on the nature of the solution and adsorbent. 
This equation expresses the fact, established above, that adsorption increases 
as the pressure or concentration increases, though more slowly Adsorption is 
exhibited chiefly by bodies which have a large surface, like colloidal molecular 
aggregates or porous substances such as charcoal Gibbs showed that it is 
connected with the surface tension between the solid and liquid, a substance 
being adsorbed to a large extent only when it lowers the surface tension 
between the solid and the liquid, and when the surface tension is increased 
there is very little adsorption. “ If a duwolved siib.stance has the property of 
lowering the surface tension of the solution at any particular face, then the solute 
will exist in a higher concentration at that face than in the general bulk of the 
solution ” This is the first step in adsorption, and this concentration may cause 
super-saturation at the face, and consequent deposition of the solute , or a solid 
solution or some chemical compound may be formed as a result of this, Although 
ad.sorption is essentially a reversible action, the adsorbed substance may become 
changed and removed from the sphere of action, thus making the process irre- 
versible In dyeing, for example adsorption is followed by the formation of an 
insoluble compound of the dyestuff with the fibre, thus preventing the establishing 
of an equilibrium Hence adsorption and fixation proceeds till the dye-bath is 
exhausted. 

Amphoteric Nature of Proteins. — Proteins have both acid and basic 
properties. This is denoted by the term “ amphoteric ” Some proteins have 
the acid more marked than the basic properties, while, in others, the reverse 
is the case In casein the acid properties are strongly developed, while the 
protamines are highly basic When a little acetic or hydrochloric acid is added 
to a solution of egg albumin, acid albumin is formed. The solution is no longer 
coagulated when heated to 70° C , but, after exact neutralisation, a flocculent white 
precipitate is obtained which is readily soluble in dilute alkalis When treated in 
a similar manner with very dilute alkab, egg albumin gives alkali albumin Its 
solution IS coagulated by boiling, and gives a precipitate when neutralised with 
acid. These acid and basic properties are probably connected with the presence of 
amino and carboxyl groups These may be in the form of an internal anhydride 


R 


/ 


CO 


which IB hydrolysed by water, thus . 


\-l 


NH 


/CO /COOH 

R< 1 -1-H*0=R< 

^NH 


4 
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But it 18 interesting to note that when a protein is deaminated, it still has basic 
properties This has led to the opinion that the amphotenc properties may be 
connected with — CONH— groupings. It may be mentioned that deamination 
consists of replacing amino by hydroxyl groups by first forming the diazo com- 
pound and boiling this with water or dilute acid, thus . 

K NH* i H0N04-HC1==R-N : N-C'l+2HiiO, 

R-N : N-Cl-|-HgO=R OH+ Ng-l-HCl. 

The Chloramine Reaction. — When a solution of a protein, proteose, or 
peptone is treated with chlorine, a compound termed a chloramine is formed, 
with the liberation of hydrochloric acid Similar compounds are produced with 
bromine, iodine, or a soluble hypochlonte A chloramine is an amine in which 
an atom of hydrogen has been replaced by chlorine The simplest, NHjCl, is 
obtained when chlonne acts on a solution of ammonia — 

NHs-|-Cl*=NH*Cl-f-HCl. 

Organic chloramines, of the type R NH(1, are formed in accordance with the 
equations 

RNHj4-Clj=RNHCl-i-HCl, 

RNHj,+NaOCl=RNH(T-|-NaOH. 

These chloramines may be either soluble, sparingly soluble, or insoluble in water 
In the case of gelatin, Rideal and Stewart (Analynt, 1897, p. 228) found that the 
whole of the protein was completely precipitated when its aqueous solution was 
saturated with chlorine gas. Allen and Searle {Analynt, 1887, p 258) obtained 
similar compounds with bromine . while Hopkins and Brooks {J. Phy/tidl , pp 22, 
184) found that iodine reacted in the same manner The importance of chlor- 
amines 111 cotton bleaching was first recognised by Cross, Bevan, and Briggs 
{J S G 1 , 1908, p 261), who observed that, if the nitrogenous constituents of 
cotton or flax are not removed completely before bleaching, soluble chloramines 
tend to accumulate in the bleach liquors, and to become fixed on the fabrics 
These insoluble, or fi.xed, chloramines are not removed by the subsequent scouring 
or washing When cotton containing chloramines is stored, these bodies decom- 
pose gradually with the formation of hydrochloric acid as one product This 
hydrochloric acid causes the cotton to become tendered Chloramines liberate 
iodine from an acidified solution of potassium iodide and, when treated with 
sulphurous acid, exchange their chlonne for hydrogen, the original ammo 
compound being formed-— 

RNHCH 2HI-RNH*+HC1 Hg, 

2RNHCl-f 2 HjjS 03 -) 2H20=2RNHa+2HCl -H 2 H 2 SO 4 . 

The second of these reactions is of importance m the chlorination of wool. In 
this process, the fabrics are treated with an acidified solution of bleaching powder 
Chlorine is adsorbed and chloramines are also fonned The goods are then soaked 
in a bath of sodium bisulphite, to remove both the adsorbed and combined 
chlorine. Chloraimnes are not decomposed by hydrogen peroxide. Cross, 
Bevan, and Bnggs {toe ett ) distinguish between adsorbed and combined chlorine 
in the following manner If cotton contain either chloramines, chlonne, or 
hypochlorite, it liberates iodine from an acidified solution of potassium iodide. 
If, however, it be washed with acidified hydrogen peroxide, the chlorine and 
hypochlontes are decomposed, leaving the chloramines — 

C1j4H20o=2HC1-|-0j 
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After washing with water, the last traces of hydrogen peroxide are removed by 
carefully adding an acidified solution of potassium permanganate, till a faint 
pink colour is produced. The cotton is again washed. If it still liberates iodine 
from potassium iodide, chloramines are present. 

Briggs (J S.C.1 , 1918, p. 447 R) makes use of the chloramine reaction as a 
qualitative teat for deposits of protein. Stains of protein fluids on fabrics, the 
presence of wool fibres in cotton, or of glue or casein in adhesives, are easily 
demonstrated by chlorinating, washing, and developing the colour with potassium 
iodide and starch 

The Hydrolysis of Proteins. — When proteins are hydrolysed, they are first 
changid into soluble compounds These in turn are hydrolysed into simpler, 
though still complex, bodies which, upon prolonged hydrolysis, yield a imxture 
of simple ammo acids These stages of hydrolysis are represented thus . 

Proteins ->-j)roteoses-> peptones +polypeptides->-amino acids. 

This hvdrolvais may be brought about by the action of either (1) acids, (2) 
nlkabs, (H) enzymes, but the course of the reaction is the same in all cases 

The proteoses have u lower molecular weight than the proteins from which 
they are formed They are no longer coagulable by heat, although they are 
precijiitated bv saturating their solutions with ammonium sulphate They are 
preoifiitated with nitric acid in the cold, and give a reddish-violet biuret reaction 
They are slightly diffusible. 

TTie peptones have lower molecular weights than proteoses They are 
readily diffusible and non-coagulable They are not precipitated by nitric acid, 
and give a pink colour with the hiiiret reaction. 

The polypeptides are still simpler in composition than the peptones, and 
may be regarded as simjile peptones They are of great importance, because 
they can be built uji by the condensation of amino acids Thus, if two molecidcs 
of aminoacetic acid (glycine) unite with the elimination of water n dipeptide 
IS obtained Thus 

COOH CHjjNHj-I-HOOC CHjNHj-HgO+COOH CHgNH.f’O CH^NH^ 

This dipe]itide can be condensed with another molecule of the amino acid, giving 
a tnpeptide — 

COOHCHjjNH CO CHjNHs.+HOO(’ CH*NH, 

=HsO-l-COOH CHgNII CO CHgNH CO CHgNH* 

And if the process be continued after many .such repetitions a polypeptide is 
obtained Emil Pisiher synthesised nil octadecapeptide with a molecular weight 
of 1213, which has ‘many properties in common with peptones Thus it gives 
the biuret reaction, is precipitated from its solutions by mixtures of the original 
amino acids The polypei'tides with long chains, containing dilTerenf amino 
acid radicles, show the greatest resemblance to peptones It is believed that 
proteins are built up from amino adds in a manner similar to that just de- 
scribed for polypeptides, te by condensation with elimination of water (rtde 
also p 52) 

Amino Acids and Amides. — An ammo acid is an organic acid in which 
one or more hydrogen atoms of the radicle are replaced by the amino (NHg) group, 
^e simplest amino acid is carbamic acid or ammo formic acid, NKjCOOH, but 
it IB not known in the free state. Its homologue, aminoacetic acid or glycilie, 
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CH2NH2COOH, IS obtained as an ammonium salt, wben chloiacetic acid, 
C'HgCICOOH IS dissolved in a strong; aqueous solution of ammonia Thus 

(1) CH 2 (’lt’ 00 H+NH 40 H -CIIjNHjCOOH+HC'l+HgO 

(2) C'H2Nn2C00H+NH40H- (’HgNH2rOONH4 | H^O 

(3) IIC’] fNH4()H -NH4CI ( H,0 

Glycine is a colourless crystalline substance, which has a sweet taste and 
dissolves readily in water Since it cont.uns an ammo group, it h.is basic pjro- 
jierties, while, owing to the presence of the {arbox>l group, it is also an aciid 
The substance itself has a neutral reaition to litmus When treated with baties 
the corresponding salts are obtained Thus, when the ammonium salt is boilei^ 
with riipnc hydroxide the copper salt is produced which crystallises out as blue I 
needles when the solution is cooled 


2rH,NH2('OONH4+0ii(OH)2-(f'H2NH2rOO)4Cu+2NH9+2H2O 

In this reaction, glycine plays the part of an acid But if glvcine be dissolved 
in hydroclloru acid and the solution cnstallised, glycine hydrochloride, 
i ('OOH IS obtained in whn h the amino acid ac ts ns i liase IVhen 
glvcine IS trcitcd with nitrous acid, the ammo group is reydaced bv a livdroxvl 
grouj) (forming hydroxy acctio acid) and nitrogen is hberated 


( 001I+jr0N0-(’H/)H COOH+Ng 1 H^O 

Ammo acids give rise to esters, like other earboxyhe aeids W hen for c\ inqile, 
glvcine Is dissolved m alcohol and the solution satiirnted vitli dry hydrochloric 
acid gas, the ethyl ester is obtained as a hydroc lilonclo - 

(.H.NH4('00H I {•2H5()H-(H2NH4tO()(aH,4 II4O, 

00( J(, 1 Ht’l =CJl2NnjICl ( ()()( JL, 

These esters are of much importiiiee m the synthesis of jioly peptides Glycine 
ethyl ester, m the pieseiice of water, becomes changed into glycine anhydride, 
or diketo pijicrnrine — 

NH CH,-CO 

1 I 

CO-CHg-NH 

When this body is hydrolysed \cith hot concentrated hydrochloric acid, a hydro 
chloride of ghc ylglycine is produced- 


NH ( ir„ CO 

I I 

CO CHgNH 


+H4O- JlgN CHg CO NH CHjCOOH 


This compound is a dijieptide \^hcn it is treated vitli chloracetyl chloride 
CHgf’l COCI, (lie following rc'artion takes jilaee 


COOH CHg NH CO CHgNHj | ClCHgCOCl 

-COOHCHgNBCO CHg NH COCHgCl+HCl 

This body, in turn, when treated with ammonia yields a tnnentide 
COOH CHjNH CO CHjNH CO CHgNHg If the process be repeated a tetra- 
peptide is obtained, another COf’HgNHg being substituted for one atom of 
amino hydrogen 

Some ammo acids contain closed nngs, or aromatic radicles The most 
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important is tyrosine (or p-hydroxy-pkenyl-o-aminoproinonic acid), which has 
the formula 


OH<^ )>CHj CH NHg COOH. 


The amides are derived from carboxylic arids, by replacing the hydroxyl 
by an ammo group, or from ammonia, by replacing a hydrogen atom by an acid 
radicle Thus, when acetyl chloride is treated with ammonia, the following 
reaction takes place — 

CH3COCl+NH3=CHiC’ONHad HCl, 

NHa+HC]==NHtCl 


The c ompound ( IIjCONH^ is an amide known as acetarmde It may be prepared 
also bv the action of ammonia on ethylacetate 


(^H3('OOCVIs+NHj=UH3CONH3d C2H5OII 

Acetamide is a colourless crystdlme body which melts at 82° 0 and boils at 
222 C It IS icMclily soluble m water or alcohol It has the odour of mice 
When heated with imncr.il acids, or with alkalis, it is decomposed, yielding acetic • 
and and ammonia 

tHj( ONH^+H3 O=CHjCO0H+NH3 

Asparagine, the amide of aspartic acid (ammosuccmic acid) has the formula 
NH3 Nila tOOH It is found m the growing parts of many plants, 

and paiticulaily 111 asparagus When heated with an alkali, it yields ammonia 
and aspaitic acid, COOH ( HjCH NHj COOH 

Hoth amino acids and amides are found m jilant tissues, for, not only are they 
required by the jilant m order to build up protoplasm, but they are, also, the final 
products of the waste or breaking down of nitrogenous tissues That is, they 
play a part in both metabolism and katabolisni 

The ammo acids produced by the hydrolysis of proteins include — 

1 Monobasic monammo acids 

2 Dibasic monammo acids 

3 Dianimo acids 

4 Hydroxy and thio monammo acids 

5 Heterocyclic ammo acids 

6 Aromatic ammo acids 


Among these monobasic monanimo acids are 

Grlyc 1 lie (timmoac etic ac id) (H^N )CUjt OOH 

Alanine (a aminopropioiiu acid) CHjCH(NH2)COOH 

Valine (a anunoisovaleric acid) (CH3)3CH (. HNH^COOH 

Leucine (a ammoisobutylacetic acid), (CH3)2rH dig CH(NH2)COOH 

Isoleucine butyl), CjHsS. onTT 

isolcucine ammoacetic acid) CH, CH(JNH2)COOH 

Caprine (a-ammocaproic acid) CH3(CH2)3CH(NHg)C00H 


Aspartic acid (ammosuccimc acid) CH NHgCOOH CH^COOH and glutamic 
acid (ammogluturic acid) CH NHgCOOH CHg t'HgCOOH, are dibasic monanuno 
acids Wheat proteins give 30 jier cent of glutamic acid when hydrolysed 
These bodies have well marked acid properties 

The diammo acids are strongly basic The most important are arginine 
and lysme The latter is denved from caproic acid, and has the formula 
NHg (CHg)4CH NHj COOH 
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Among the hydroxy- and thio-anuno acids is serine, a product of the 
hydrolysis of silk proteins It is a-anuno-B-hydroxy propionic acid, CHj(OH)CH 
NHaCOOH 

The heterocyclic ammo acids are typified by proline (a pyirolidine car- 
boxylic) acid, which has the formula 

I I 

COOH 

NH 

Oxyproline is a mono-hydroxy derivative of proline The aromatic ammo 
uc ids are represented by tyrosine and phenvlalanme The latter is o-aramo- 
P phenyl propionic ac id, CgHj (’Hj (JH NH^COOH, and tyrosine is its oxy 
derivative with the hydroxyl group m the para position, thus 

oh/ " ^CHaCHNHjjCOOH 

It was mentioned, above, that the colour given by proteins with Millon’s 
reagent dc'pends upon the jiiescnce of a tyrosine group Diftcrent proteins when 
hydrolysed give mixtures of diflereut ammo acids This ma\ be illustrated by 
one or two exaniplcs 
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Tl e sc paraticjn of t\u sc' anunu ac ids is veiv difiicuU In the ease of the mono 
ammo ac ids it may be effected by cemvertmg them into their esters, b\ treatment 
with alcohol and hydiochloric acid The esters are liberated from the hydro- 
chlorides formed by means of sodium hydroxide The solution is then saturated 
with ywitassium carbonate and the free esters extracted with ether These esters 
are then sepanted bv fractional distillation, i« vacuo, the fractions hydroysed 
and the liberated ammo acid identified 

The animal albumins arc readily soluble in distilled wafer and are less 
readilv salted out from then solutions than the globulins While, like all pio- 
teins, they are precipitated completely when their solutions are saturated with 
ammonium sulphate, they are not precipitated by either sodium chloride or 
magnesium sulphate When hydrolysed, they yield most of the ammo acids, 
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futd also a glucosamine, t.e. a derivative of glucose containing tbe group 
— CH(NHt)CHO The albumins are coagulated bj beat and acids. They 
combine with formaldehyde, giving insoluble addition compounds. 

The vegetable albumins resemble the animal albumins in most of their 
properties, but, as a rule, they are more readily salted out from their solutions 
ji The globulins are insoluble in pure distilled water, but dissolve readily in 
fwatcr containii^ small quantities of inorganic salts They may be precipitated 
.from these solutions by diluting with pure water. They dissolve readily in 
dilute alkaline solutions, from which they are precipitated by weak acids. They 
are more easily salted out from their solutions than the albumins, being thrown 
down by saturation with magnesium sulphate, or when their solutions are half 
saturated with ammonium sulphate They give most of the anuno acids when 
hydrolysed and, also, a glucosamine. The proteins of cotton are chiefly aibununs, 
or globulins. 

The conjugated proteins are of some importance The group contains- 
very complex proteins, which can be broken down, by the action of acids or 
enzymes, into two portions One of these is a complex protein and the other 
a .sinqiler non-protein Thus, hwmoglobin gives globin and hsmatem, Chloro; 
phyll has a somewhat similar nature. 


The Estimation of Proteins. 

Proteins are almost invariably determined from their nitrogen content. 
Although thi.s vanes somowhat for different proteins, yet for most putposes 
the percentage of nitrogen multiplied by 6 33 gives the protein jiresent with 
fair accuracy Nitrogen in organic cxiinpounds may be estimated in two ways 
viz (1). by Dumas’ lueihud, (2) by Kjeldshl’s method. The latter is used 
111 all industrial processes, but the former is sometimes employed where great 
accuracy is i equired. Since the deteiimuation of nitrogen is of great importance, 
these methods may be described here 

Dumas’ Method. — The following are the details of the method A piece 



S'lo 30 — Duina^ apparatus 


of combustion tube is thoroughly cleaned by means of strong sulphunc acid, 
washed and dned. It is then fitt^ with corks and delivery tul^, one of which 
leads to a Kipp apparatus for the dehvery of carbonic acid, the other being 
connected with a nitrometer, as shown m fig. 36. 

The tube is then plugged with asbestos at about 6 mches from the end at 
which the carbonic acid enters, and about 12 cm of powdered copper oxide 
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are introduced, the tube being held m nearly a vertical position About half 
a gramme of the substance is then mixed in a mortar with finely powdered 
copper oxide and the mixture introduced carefully into the combustion tube, 
the layer occupying the sjiace of about 3 to 4 cm Copper oxide is now added 
until the tube is nearly full, when a roll of freshly reduced to])per gauze is 
inserted The tube is then laid ujion a bench and gently tapped m order to 
make a channel for the escajie of the gases, after which it is placed m the furnace 
and connected with the carbonic acid generator and the nitrometer The front 
portion of the tube, namely that which does not contain the organic matter, is 
now heated until a dull red colour is produced The carbonic acid is then passed 
through the tube until the whole of the air has been expelled This will be 
indicated bv the complete absorption of the bubbles as they rise m the nitro- 
meter, which IS filled with 50 per cent •■olutioii of caustic potash So long as 
any gas is collected in the nitrometer the a}>paTatus will not be free from air 
when no further iiu rease is noticed let the gas esc ape by opening the tap, readjust 
the levels, and collect again If, after a few minutes, no more gas is collected 
the ajiparatus w'lll be free from air The jiortion of the tube containing the 
organic niaftei is now very gcntl}' heated, the stream of caibonic acid being 
continued The iiitiogc n which is jiroduced w ill be earned thiough the apparatus 
with the excess ol carbonic acid, the latter dissolving m the jiotash and leaving 
the nitrogen The combustion is continued until there is no further increase 
m the volume of the gas collected that is, until the bubliles are comjiletely 
absorbed before' thev reach the surface In onler to complete the absorption, 
a little fresh jiotash solution is now carefully iiitroilucc'cl by means of the cup, 
after which the levels <iie carefully adjusted and the volume of nitrogen read oft 
The dtrnosjihenc pressure and temperature are then taken, and the volume of 
the gas reduced to normal temjieiatuie and pressure by means of the following 
formula 

Since the volume v is measuied at under a jiressure of B— «>, where u= 
teiibiun of aqueous vajioui m mni of iiiciciiiy at a tenijieraturc the volume 
V at 0° and 7b(t mm would be 

B-w 273 
7b0 ^ 273 I- f' 

Exainph 0 2248 gnu substanc e gave 7'1 c c Nitrogen at lb° B=753'5 mm., 
W-] 13 5 The weight of the gas, therefore, is 

740 273 

7'] X 2^x0-001251=0 00818 grin , 


and the percentage of nitrogen. 


0 00818x100 
02248 


=3-63 


1 c c of nitrogen at normal tem]ieratHre and pressure weighs 1 254 mgm , hence 
the weight of mtrogen in mgm contained in the quantity of organic Bubstance 
taken is found by multijilying the number of c.c of nitrogen obtained by 1-254. 

Kjeldahl’s Process. This dejiends upon the fact that the nitrogen in 
nearly all organic compounds is converted into ammonium sulphate when the 
substance is completely oxidised with strong sulphuric acid The ammonium 
sulphate is then decomposed by sodium hyd^xide solution, and the ammonia, 
which IS liberated, is distilled into an excess of decinormal sulphuric acid, the 
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lumeutrahsed portion being subaequentiy determined by titration witb deci- 
nonnal sodium hydroxide The acid which haa disappeared is exactly equivalent 
to the ammonia which haa distilled over. From this the original nitrogen is 
calculated. 

The process is carried out in the following maimer A little of the substance 
to be analysed is accurately weighed A suitable quantity is from 0-2 to 
1 gramme according to the jiercentagc of nitrogen present This is then placed 
in a pear-shaped hast with a long neck (fig 37 ), of about 500 c.c. ca])acity A bout 
20 c c of concentrated sulphuric acid is added, together with a fragment of copper 
foil or about 1 gramme of crystalhue copper sulphate This is to serve as an 
oxygen carrier. The flask is then placed m an inclined position upon a piece 
of asbestos with a circular hole of about 1| inch diameter, and heated gently, 
by a small Bunsen flame, with frequent rotation, till the substance has dissolved 
and frothing has ceased When solution is difficult to bring 
about, or much frothing occurs, it is advis-ible to carry out 
this part of the heating on a water-bath When solution is 
complete, the flame is turned up and heating contmued till a 
clear, bluish solution is obtained The operation is tonduefed 
III a fume chamber, as much sulphur dioxide is evolved The 
iiielination of the flask should be such that the suljihuric acid 
vapour IS condensed on the sides and neck. After heating for 
about an hour, the mixture is allowed to cool somewhat and 
5 grammes of powdered ]iotassium sulphate are added. The 
heating is then continued If necessary, a second addition of 
sulphuric acid must be made also The potassium sulphate ac- 
celerates oxidation by raising the temperature of tlie reac tioii 
Of course, both sulphuric acid and potassium sulphate must be 
free from nitrogen When oxidation is comjilete, the mixture 
IS allowed to cool It is then diluted with a little water, and, 
after cooling again, washed into a 250-e c flask, cooled, made 
up to the mark and mixed An aliquot part (eg 50 c c ) of 
this solution 18 used for the determination This is placed lu 
the round- bottomed flask shown m fig 38, together with a 
little powdered pumice to preVtent bumping. Fifty e c of 
duemormal sulphuric acid are placed lu the receiver, and the 
latter is eonnected as shown in the illustration Bulhcieiit sodium-hydroxide 
solution to neutralise the acid in the flask is then placed m the taji-funncl. About 
50 c c of a 40 per cent solution are generally sufficient The sodium hydroxide 
is then allowed to run into the flask The copper Hul]>hatc present serves as an 
indicator The mixture is now heated to the boilmg-point and kept boiling for 
about seven minutes The receiver is then disconnected, its contents cooled 
and titrated with dccmormal sodium hydroxide Cochineal solution is the best 
indicator for this titration From the volume of decuiormal at id winch has 
disappeared the iiercciitage of nitrogen can be calculated, since each cubic 
centimetre of N/10 acid corre.spoiid8 to 0-0014 gramme of lutrogen. 

The sodium-hydroxide solution must be tested for ammonia by making a 
blank experiment If any is present it must be allowed for. 

But pure caustic soda powder is generally quite free from nitrogen. The 
method of calculation is illustrated by the following example 

0-6 gramme of a substance was Kjeldahled and made up to 250 c.c Fifty c c 
of this solution were distilled into 50 c.c. of decinormal acid. The volume of 
decinormal sodium hydroxide required to neutrahse the distillate was 40-5. 



Fig 37— Kjel- 
clahl flaik. 
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Henoe 50— 40’5, t c. 9*6 c.c. of decinormal acid have disappeared This is 
equivalent to 9*5x0*0014 gramme of nitrogen Therefore 250 c.c contain 
9*6x0*0014>r5 grammes of nitrogen, t,e. 0*0665 gramme. Hence the substance 
0*0665 

contains — X 10.), i e. 13*3 per cent, nitrogen. 

U*D • 

The Use of Assistants. — An oxidising agent or oxygen carrier is generally 
necessary In its alisence the oxidation is very slow. Metalhc mercury is often 
used, a small globule weighing about 0*5 gramme being introduced with the 

sulphuric acid The use of 
mercury introduces a com- 
plication, since, in its pres- 
ence, mercuramines are 
formed which must be de- 
composed before distilling 
off the ammonia This may 
be accomplished by adding 
sufficient sodium or potas- 
sium siiljihide (free from 
ummonia) to precijiitate 
the mercury as sulphide 
Twenty c c of a 10 per 
cent solution arc generally 
required Cojiper is an 
e(|unlly good oxvgen carrier, 
and no amines ure fonned 
Almost any jieroxidised 
com]H)Uud, free from am- 
monia, may be emjiloyed, 
such as potassium perman- 
ganate or persulphate Per- 
chloric acid IS also said to 
be suitable and to reduce 
very greatly the time re- 
quired for oxidation If 
oxidising agents are used, 
the first part of the oxi- 
dation is carried out with 
sulphuric acid alone. The 
710 38 — Kjdduhl ajiparatus following method is recom- 

mended by Gonlon Parker 
{J aS C.I , 1902, p. 838) m the case of leather Prom 0*5 to 0*7 gramme of the 
substance is heated with sulphuric acid for half an hour. The mixture is then 
allowed to cool and a dozen crystals of potassium permanganate are added The 
flask IS again heated till a colourless solution is obtained. The Kjeldahl process 
requires close attention to detail The chief causes of errors are (1) insufficient 
digestion with sulphuric acid , (2) the presence of nitrogen in the reagents used ; 
(3) maccuracy of the standard solutions in titrating 

ill dealing with bulky substances like cotton, m which the percentage of 
nitrogen is also small, the manipulation of the Kjeldahl process is difficult. If 
a large weight of cotton be taken for analysis the oxidation is troublesome, 
while if only a small quantity be used the error of titration is considerable. The 
amount of nitrogen m 1 gramme of cotton does not require more than from 1*5 
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to 2 *c c of decinormal acid for neutralisation. In such cases microchendcal / 
methods of analysis are useful Kidge {J. Text IwA , 1924, T. 94) gives the 
following as suitable for the estimation of nitrogen in cotton . — 

] Titrimetric Method for Raw Cottons.— One gramme of cotton in the 
pastille form, recommended by Williams, is covered with 6 c c. of concentrated 
sulphuric acid in a tube of resistant glass about 2‘5 cm. in diameter and 19 cm. 
in length , 0-04 c.c. of mercury is added, the tube closed with a pear-shaped glass 
bulb, and the mixture heated over a low flame till it no longer shows any tendency 
to froth Two grammes of potassium bisulphate are then added and the hquid 
IS boiled gently, without superheating the walls of the tube, until, in about three 


f 




hours, a clear, colourless liquid is obtained. After a further short period of 
boiling, to ensure complete digestion, the mi.xture is transferred to the hard glass 
distillation flask A (fig. 39), of 5(X) c c capacity, suitably diluted with distilled 
amraonia-free water to approximately 2(X) c.c , and the head-piece and dehvery 
tube 0, D, E, F are attached, after the addition of a few pieces of freshly ignited 
porous earthenware. The end of the delivery tube is inserted beneath the 
surface of an accurately measured volume (2 to 2*5 c.c ) of decinormal hydro- 
chloric acid contained in the titration vessel C (fig. 40), which replaces the vessel 
shown in tig 39. Sufficient 40 per cent, sodium hydroxide solution (35 to 40 c.c.) 
18 added from the funnel B to render the contents of the flask alkaline, and 
finally 1’5 to 2 cc. of saturated sodium-sulphide solution. The ammonia is 
then distilled over, the rate of boiling being such as to yield 50 c.c. of aqueous 
distillate in about thirty minutes. 
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'When this volume has been collected in the titration vessel, the distillation 
apparatus is remo\ed, after washing the end of the dehvery tube, and the excess 
of and IS titrated with decmormal sodium hydroxide free from carbonate, using 
methyl red as indicator It is necessary to carry out bhink determinations at 
frequent intervals in order to c orrect the experimental result for the small quantity 
of ammonia which is iiivaruibl} cont<uned in the reagents, and for traces of alkali 
which may be c arned over in the distillation For this purjiose, b c c of sulphuric 
ac id ()-04 t c of inert ury and 2 grammes of potassium bisuljihatc arc digested for 
three hours, tiansferrecl to the distillation apparatus, and the ammonia content 
determined in the manner already destnbed The average correction is about 
0‘03 c t on the total titration of about 2 c c 

The titration ajiparatus consists of two burettes, A and B, of 3 c c total 
capacity graduated in ()*01 cc These contain the standard acid and alkali 
respectiveh , and are scaled permanently to the titr.ition bulb C m such a way 
that either solution c.in be admitted diieclly, in as small .i volume .is desired to 
the titrated liquid The capacity of the bulb is about 150 c i It is i loscd with 
a hollow ground stojqier, through winch connection with the air can be made 
when necessarv, the whole ajipar.itus being suppoited in a light framework on 
the neck I) of the titr.ition bulb The framework is siisjiended by the swivel 
ring E which en.ibles the a])paratus to be shaken during titration, .mil the bulb 
IS washed out bv ineaiiH of the outflow tulie and 1.1]) F The burettes can be lead 
accuiatidy to 0 (K)2 ( i , but must be carefully' standardised .ind keyit scrupulously 
free from gie.isc. The form and cjuahty of the head jiiece and delivery tube in 
the distillation aiqiaratus 0, I), E, F aie of importance, both the esti.iction of 
alkali from the glass .nid the ine<h,uiical transfer oJ even very small traces of 
alkali during the distillation being sources of senous error Ridgi from whose 
p.iper the above descrijitiou is taken, uses a glass head piece t' (fig 39) attached 
by means of a cork to a sihea delivery tube II E F, with a widened portion I) E 
which serves ns a condenser and is surrounded by a glass water jacket G 

In prejianng the jiastille mentioned above, I^ilhams (J Text Insl , 1923, 
T 295), having weighed the cotton, compresses it into a jilug in a screw jiastille 
press 

2 Colorimetric Method for Bleached Cottons. — Two gr.imaies of cotton 
and 12 c c of sulphuric .icicl are used, the digestion and distillation being earned 
out in the same wav as for the titnmetnc method The microtitration apparatus 
IS replaced by a 50 c c. measuring flask as shown m the figure Sufficient water 
ie( placed in the flask to c over the end of the silii a tube and 40 c c of distillate are 
collected This is mixed with 7 5 c c of Nessler solution, ni.ide up to 50 c c , 
shaken .mil liltered immedi.itely to remove a trace of metallic mercury which 
passes over with the distill.ite and interferes with the colorimetric comparisons 
At the same time two or more standaids arc prepared by diluting, for cxamjilc, 
2‘5, 3, and 3 5c c. of the st.iiidard .immonia solution to 40 i c , .iclding 7 5 c c 
of Nessler solution and making the volume up to 50 c c After .ill the solutions 
have been allowed to stand for ten minutes, th.it which appears closest in depth 
of colour to the solution for analysis is comjiared with it in a Kober Klett colori- 
meter, the coiiientr.itions of ammonia m the unknown solution being subse- 
quently cih ul.ited on the assumption that the heights of columns of equal colour 
intensitv .ire inversely' jiroportional to the C/Oncentrations of .unmonia in the 
Ncsslerised solutions As in the titnmetnc method blank experiments are 
necessary The following method of prepanng Nessler solution is recommended. 
Two solutions are required 

Solution A — Seveuty-five grammes of potassium iodide are dissolved m 
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50 c c of warm water , 100 grammes of mercuric iodide are added, and the mixtnre 
stirred until the solution is complete It is then diluted with about 400 c.c. of 
water, filtered, and made up to 1 litre. 

Solvlton B consists of a 10 per cent solution of sodium hydroxide free from 
carbonates and suspended matter 

For the preparation of Nessler solution 200 c c of Solution B arc added to 
300 c c of Solution A and the mixture diluted to ] litre. 

The standard ammonia solution is made by dissolving 1-178 grammes of pure 
dry aninionium sulphate in 1 litre of water Each cubic centimetre of this 
solution IS equivalent to 0-25 ingm of nitrogen. 

The nitrogen content of raw cotton is given by Ridge as ranging from 0*2 
to t)'3 per cent for American and Egyptian respectively The total nitrogen 
inelude.s — 

1 . Protein nitrogen 

2. Amino acid nitrogen 

3 Nitrogen present in the natural colouring matters. 

Higgins (J Boc Dyem and Col , 1910, p 165) showed that the whole of the 
jirotein and aniino nitrogen could lie removed from cotton bv repeated boiling 
with sodiiim-hvdroMde solution, but a residual 8-3 per cent could not be 
decomposed Thi.s must, therefore, be present in some more complex form. 
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OILS, FATS, AND WAXES; PECTOSE AND PECTIN COLOUR- 
ING MATTER; MINERAL MATTER; TANNIC ACID. 

Oils, Fats, and Waxes. 

Thr fatty constituents of cotton are complex in n.iture and includt 

{a) (llycendes 
(ft) WaxcH 

(c) Unsnponifiablc ods 

(d) Traces of sonjis 

(c) Traces of free fntty acids 

Glycerides.— These (onqiounds arc the chief constituents of animal and 
vegetable oils mid fats, and < (insist of triglycerides of fatty acids 

The fatty acids arc the monocarboxylic at ids, derived from the paraffin 
series of hjdrotaibons b> rejiladiig one atom of hydrogen by the carboxyl 
(— COOH) group They may bo regarded, also, as oxidation products of the 
aldehydes or alcohols having relations to these similar to those of formic acid 
to methvl alcohol and form.ildehyde These relationships are expressed in the 
following table 


I’lr.iRin 

Al( (iIkiI 

Alilehi dc 

rjtt\ Add 

H(’H, 

11 ni/tH 

HC'IfO 

HCOOH 

(’ll , ( IT, 

ClIV’ll^OH 

(’ll,l'H() 

('ii,(’()oir 

(VI, (’ll. 

( jH.ciijOir 


r,H,(’()()U 


The name fatty acids was given, originally, to this senes because stearic and 
palmitic acids, the two commonest constituents of natural fats, are derived from 
paraffin hydrocai lions (general formula r„H 3 „+ 2 ) B*** R more convenient 

now to use the term Stearic Acid Series The general formula of these 
acids IS COOH Since they are derived from paraffin hydrocarbons, 

they are all “ saturated,” c e they cannot combine directly with bromine, 
hydrogen, etc , to form addition compounds. The lower members of the senes 
are liquids, the boiling point of which increases gradually with the molecular 
weight Caprjlic acid, CHj(CHg),COOH, is a solid, melting at 16'5° C. With the 
addition of each CHj group the melting point nses, steanc acid, CHg(CH 2 )ijCOOH, 
melting at 69'3° C. 

The more important members of this senes are given in the following table — 
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And 

Formula. 

Occurrence 

HutjTK 

rH,(rH,),C(M)H 

Butter-fat, 

Cajiroie 

('H,(rHd4(’OOH 

Cocua-nut oil 

Oaprylio 


Cocoa-nut oil 

1.10 nne 

0H3(0H,)„C<)0H 

Cocua-nut and laurel oil 

Palnutir 

CH,(CH,),4C0()H 

Most common fats 

•Stt'oric 


Moat common fats 

Araclndic 


Arochis ml 

bignocriK 

('H,(CH,)jtOOOH 

Arachis oil 

Cerotic 

CH,(CH,),4C00H 

Beeswax and montan wax 

Montanir 

CH,(CH,)„COOH 

Montan wax 

Mebssjc 

CH4(CHd„rOOH 

Beeswax and montan wax 


All of these fatty acids, from lanric acid upwards, arc solids at ordinary 
temperatures, melisaic acid melting only at 91° C Most of the solid fats consist, 
principally, of triglycerides of palmitic and stearic acids, together with smaller 
quantities of glycerides of the lower members of the series, to which they owe 
their special properties such as characteristic odour or flavour The fats are 
ester? (or etheieal salts) of the trihydnc alcohol glycerol, An alcohol 

IS, in some of its projierties, similar to a base such as sodium hydroxide When 
sodium hydroxide is treated with an acid, eg acetic acid, sodium acetate is 
produced 

NaOn+CHaCOOHr-CHa OOONa+HjO 

If ethyl alcohol, CjHg OH, be treated with acetic acid in the presence of a 
little sulphuric acid a similar reaction occurs — 

CgHa OH+CHaCOOH=CHaCOOCaHa-f HjO. 

The compounil thus produced is ethyl acetate, and is a typical ester. Ethyl 
alcohol IS a monohydric alcohol, and, like sodium hydroxide, can only react with 
one molecule of a mono-basic acid. A metallic hydroxide containing two 
hydroxyl groups reacts with two molecules of a mono-basic acid, a tnhydric 
base with three, thus 

Ca(OH)al-2CH3COOH=-2HgO-f(CH3COO),Ca, 

T«(0H)3+3CH3C'00H-3Hj04((’H3C’00)3Bi 

Glycerol is, like bismuth hydroxide, tnhydric, and hence can react with three 
molecules of acetic acid 

C 3 H, (011)3-1 3CH,CO0H-3H30+(CH3C00)3C3Hs 

The ester thus produced is known as “ tnacetin ” It is glycerol m which all 
three hydroxyl groups have been replaced by the acetyl group (’H3COO (or 
CgHgOg) But the hydroxyl groups may be replaced successively, just as they 
may be in a trihydnc metallic hydroxide giving monoacetin and diacetin Thus 

CH3C00H= H30-t-(CH3C00)(0H)3C3H3, 
C3H3(0H)3-f2Cfl3C00H=2H30-H(CH3C00)3(0H)C3Hs, 
C3H5(OH)3-h3CH,COOH=3HgOd-(CH,COO)3C3H3 

The esters, obtained from glycerol, are termed also “glycerides,” When 
one hydroxyl group is replaced by a fatty acid radicle, the resulting ester is a 



64 


BLBACHING AND FINISHING OF COTTON 


“ monoglycende ” When two or three are replaced, the esters are termed 
diglyf eridcs and triglycerides respectively 

The solid fattv acids act in exactly the same manner as acetic acid Thus 
with palmitic acid, and stearic acid, C'ijHsbCOOH, we have mono-, 

di-, and triglycerides, whic h are termed palmitins and stearins, and are represented 
by the formula* 


Monopalmitin r3H’|.(0H)2('j5H,i(‘00 
Dipalmitm r,Hr,OH(( ijHjiCOOlj 
Tnpalmitm, (’iHjlCjBHaiC'OO), 


Monostearin, C 3 H 5 (OH)jCi 7 H 35 COO 
Disteann, C 3 HjOH(Ci,H 3 sCOO )3 
Tnstearin, C,Hb(Cj 7 H 35 COO), 


About 98 per cc nt of all natural fats consist of triglycerides, and, in the case 
of the solid fats, the triglycerides are pnnujially tnjialmitm and tnstearin But 
triglycerides of other fatty acids than those of the stearic acid senes also occur 
Thus, liquid oils and fats c ontain “ triolein ” derived from oleic acid, which 
belongs to mother series The members of the remaining groups of fattv ac ids 
must therefore be described briefly 

The Oleic Acid Series . — These acids h.ive the gener.il formuhi C„H 2 „ 'OOH 
The pniicipil member is oleic acid t'l^H^rOOlf It is liquid at onlmarv 
atmospheric temperatures, its melting point being 14° L' and solidifying point 
4° C As indicated by its formula, it is an unsitnrated compound, containing 
two atoms of hydrogen less than stearic acid the corresponding member of the 
saturated fatty acid senes 

The difference in the pro])erties of olcic acid and the solid fatty acid scries 
depends uiioii the fact that the former is iinsaturated All fatty acids have 
certain pioiiertics in common They arc insoluble or sparingly soluble m water, 
but are reaclih soluble in alcohol aiicl such organic solvents as ben/ol, petroleum 
ether, and carbon tetne lilondo Oleic acid can bo distilled unchanged with 
su])erheited ste<im The saturated fatty acids distil also, but with slight 
decomposition All fattv acids burn when ignited with a smoky flame, and leave 
no ash When a fatty acid is treated with an alkali or an alkaline earbonite 
the coTresjionding salt is jirodnced. Thus with sodium hydroxide or carbonate. 


CisHiit’OOH-fNaOH-CjsHjiCOONa-fHjO, 

2(\5H,i('00n-l-Na3C03=-2(’,BH3,C00Na-f-C0g-fHg0 


The met.illic salts of the fatty acids are termed soaps (Chapter XIX ) The 
soaps formed by the alkali metals and ammonium are solulile in hot water, those 
of the alkdine e.irths and heav v metals are insoluble The insoluble soaps may 
1)0 prej),ired by treating a solution of a sodium soap with a salt of the heavy metal 
(\iluum palmitate, for example, is obtained, as a white precijntate, when calcium 
chloride is added to a solution of sodium palmitate— 


2('i5H,i( OONa |-ra(’l3-((\6H3ir00)g('a-f2Na('l 

The soayis of the alkali metals and ammonium are not only soluble in hot 
water, but also in alcohol They arc, however, as a rule insoluble m organic 
solvents Those of oleic ac id arc c haracterised by being comparatively soluble 
com])ared with the eorresjioncliiig soaps preparecl from saturated fatty acids 
Lead oleate is remarkable as being soluble in ether The properties of soaps 
will be described more fullv in Chapter XIX 

W’ben oleic acid is exposed to the action of air and light, it becomes darker in 
colour and turns “ rancid ” This change is accompanied by the production of 
fatty acids of lower molecular weight When it is oxidised with a dilute alkaline 
solution of potassium permanganate, dihydroxysteane acid, Ci,H 3 j(OH)jCOOH, 
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is first formed. Farther oxidation converts dihydroxystearic acid into azelaic 
acid — 

Ci,H„COOH+0+HjO=C„H33(OH)sCOOH, 

Cj,H3j(0H)aC00H+30g=2C,Hi4(C00H)i8+2Hij0. 

When oleic acid is reduced with hydriodic acid it gives stearic acid — 

C„H3,C00H+2H=C„H,3C00H. 

From these facte it is known that it must contain one doable linking between 
the carbon atoms in the molecule and have the formula 

CHs(CH3),CH=CH(CH8),COOH. 

Oleic acid and other unsaturated fatty acids, or fats containing them, are 
reduced, also, when treated with hydrogen in the presence of a catalyst such 
as finely divided nickel, becoming changed into solid fats or triglycerides of 
saturate fatty acids. This process is used commercially in the manufacture 
of margarine and other edible fats. 

Acids of the oleic acid senes combine readdy with two atoms of bromine 
or iodine, forming saturated dibromo or di-iodo compounds. Thus 

t’H3(rH3>,C’H-CH(CH,)7COOH+Br3=CHg(CH3),CHBr.CHBr(CH3l,COOH. 

This reaction forms the basis of the determination of the iodine value of fats. 

Cold concentrated sulphuric acid changes oleic acid into a sulphonic acid, 
sulpho-oleic (or hydroxystearo-sulphuric acid), with the composition represented 
by the formula Ci,H34(080aH)C00H. 

The Llnollc Acid Series . — These fatty acids have the formula C„Hg„_3COOH, 
and contain two pairs of double-hnked carbon atoms. They are thus more 
unsaturated than the acids of the oleic add series. 

Linolio acid, Ci,HjiCOOH, occurs in drying and somi-drymg oils, such as 
maize and cotton-seed oil It is liquid at ordinary temperatures. When exposed 
to air it absorbs oxygen, and gradually forms a resinous skin or film consisting of 
hydroxy acids When oxidised ynth potassium permanganate in the presence 
of alkah it yields a tetrahydroxystearic acid, C„H3i(OH)4COOH. Linolic acid 
absorbs four atoms of hydrogen, bronune, or iodine. 

Linolenic acid, Ci^HjjCOOH, contains three pairs of double linked carbon 
atoms, and hence absorbs six atoms of hydrogen, bromine, or iodine. It occurs 
chiefly m linseed oil, which dries readily when exposed to air, and is used, for 
this reason, as a vehicle for paints. When linolenic acid is oxidised it gives a 
hexahydroxystearic acid, Ci,Hgg(OH)gCOOH. 

Rlcinol^c Acid, Ci,Hs2(OH)COOH — This acid is an important constituent 
of castor oil. It is a monohydroxy oleic and combines with two atoms of bromine. 
When oxidised with permanganate, it gives trihydroxystearic acid. Ricmoleic 
acid 18 of importance on account of its products of sulphonation. When treated 
with concentrated sulphuric acid a number of bodies are produced among which 
are ncinoleosulphuric acid, Cj,H33(0S03H)C00H ; dihydroxystearo-sulphuric 
acid, Ci 7H33.(0H)(0S03H)C00H. These sulphonated products are of con- 
siderable importance. Turkey-red oil is prepared by sulphonatmg castor oil. 

The General Properties of the Triglycerides. 

The triglycendes are either solids or liquids according to the proportion of 
saturated fatty acids which they contain. The term fat is used to denote a sobd 
triglycende, the name “ oil ” being reserved for those which are liquid at ordinary 
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temperatures. There are solid and liquid triglycerides of both animal and 
vegetable ongin. This is indicated in the following examples — 

1 Animal Fats. — Tallow, butter fat, lard. 

2 Vegetable Fats.— Cocoa butter, vegetable tallow, palm oil 

3. Animal Oils.— Fish oils, neatsfoot oil, whale oil 

4. Vegetable Oils.— Seed oils, ohve oil. 

Oils and fats are generally colourless when pure. In some cases they have 
a greenish colour due to the presence of chlorophyll. The colour depends to a 
considerable extent on the method of preparation. Oils which are pressed out 
from tissues in the cold are generally neatly colourless, but if heat be used in the 
pressing, they are sometimes comparatively highly coloured Crude oils are often 
improved by bleaching. 

The taste and odour of an oil is due to the presence of triglycerides other 
than tripalmitin, tnstearm, or triolein Thus butter owes its distinctive flavour 
to esters of butyric acid 

All un})loaHaiit flavour is produced by impurities or by rancidity 

AH oils and fats arc lighter than water, having a .specific gravity of from 0-88 
to 0-96 They are msoluble in water and generally, also, in alcohol, but dissolve 
readily in organic solvents such as el her. chloroform, carbon tctrachlondc, benzol, 
or petroleum spirit Castor oil is an exception, in that it dissolves readily in 
cold alcohol and is only sparingly soluble m petroleum sjurit When an oil is 
shaken with water, it is broken up into very minute particles, which form a 
temporary emulsion When the mixture is allowed to stand, these particles 
coalesce rapidl}’, and rise to the surface But, if soap bo present, a comparatively 
stable emulsion is jiroduced. Other colloids act in the same way (aide 
Chapter XIX ) 

When oils are heated to a temperature of about ‘250° C , they sometimes 
become thicker, and are said to be “ polymerised,” but the chemical changes 
which take place are not fully understood. The phenomenon is made use of 
in the preparation of lithographic varnishes Tung oil, heated to 250° C for a 
short time, changes into a jelly-like mass, while castor oil forms a substance like 
rubber in appearance 

If the heating he continued, at a higher temperature, the oil becomes decom- 
posed, various bodies being given off, including acrolein, CgHg CHO, an aldehyde 
obtamed from glycerol, which has an irritating effect on the eyes and a char- 
acteristic smell. 

Many oils of the Imolic and Imoleiiic senes, termed “ drying oils,” which contain 
nnsatiirated fatty acids, absorb oxygen, when exposed to the air, forming hard, 
solid films which contain hydroxy-fatty acids, and which are comparatively 
insoluble in organic solvents Oils may be classified as (1) drpng oils, (2) 
semi-drying oils, (3) non-drying oils Examjiles are linseed oil (drying) ; 
cotton-aeed oil (semi-drying) , rape oil (non-drying) 

It has been mentioned that oleic acid becomes rancid when exposed to air, 
this change being accompanied by the formation of free fatty acids, generally 
of lower molecular weight than those originally present Glycerol is also pro- 
duced, and other bodies, including aldehydes, such as fvnanthyl aldehyde, 
CjHi 3 .CHO. Moist air is necessary for the production of rancidity, and it 
appears, also, to be connected with the action of enzymes A well-purified oil 
does not turn rancid as quickly as an impure one. 

In addition to glycerides, all oils and fats contain a certain amount of free 
fatty acids. Liquid oils contain, generally, solid glycendes which separate out 
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gradually on standing, forming “ foots.” When oil is purified, it is kept at a 
comparatively low temperature for some time, and the “ foots ” are then removed 
by filtration, or by drawing off the supernatant liquid. Small quantities of 
cholesterol, C 27 H 4 ijOH, arc alway.s jircsent in animal oils, while vegetable oils 
cont.'iin an isomer known as phytosterol The identification of these alcohols 
IS sometimes important, in deciding whether an ammal oil is adulterated with 
a vegetable oil, or nee verm. 

Triglycerides are decomposed, when heated under pressure with steam, into 
fatty acids and glycerol — 

(U„H3i('00)3C3H5+3H20=.%\bH3,C00II+C,Hb(0H),. 

This process is used for the manufacture of both glycerol and fatty acids. The 
decomposition is much more rajiid in the jirOsence of a little sulphuric acid. 
(lommeri lal “ stearin.” (which consists chiefly of stearic and jialmitio acid8|j,^ 
olein (oime acid), and glycerol are made in the following manner ‘Tallow is 
decomposed by means of superheated steam at a pressure of about 15 atmo- 
spheres. The mixture is then allowed to stand till it separates into two layers. 
Theiower aqueous layer contains the glycerol and is drawn off. The upper layer 
of fatty acids Is pressed, in order to remove hquid oleic acid, the residue con- 
stituting stearin 

Fats arc hydrolysed readily by TwitchcU’s reagent, which is a sulphonic acid, 
obtained by allowing excess of sulphuric acid to act on a solution of oleic acid 
in an aromatic hydrocarbon Lewkowitsch gives the formula as 
CigHjjOj About 1 to 2-5 per cent of this body hydrolyses fats completely, 
if they are heated m a current of steam, especially in the presence of some free 
fatty acid, which aids in starting the hydrolysis. 

Fats can be hydrolysed, also, by means of fat-splittmg (lypolytic) enzymes, 
which are present in many seeds and vegetable tissues. Castor oil contains 
such a ferment, termed “hpase.” If an oil be mixed with water and from 
6 to 7 per cent of lipase, about 90 per cent, of the fatty acids are liberated in 
forty-eight hours at ordinary temiieratures. The oil cannot be decomposed 
completely, because the reaction is reversible, and a position of eqmlibnum is 
ri'ached before hydrolysis is complete 

The Saponification of Fats. — All glycerides are decomposed when heated 
with a solution of a caustic alkali, with the formation of the metallic salt of 
the fatty acid and glycerol This process is termed “ saponification,” and is 
the basis of the manufacture of soap (Chapter XIX.). In the case of sodium 
hydroxide and tnpalnutin the reaction is 

(Ci5H,iCOO)3C3H3-f3NaOH=3Ci5H3iCOONa-l-CsH6(OH)j. 

Although aqueous solutions of caustic alkalis may be used, saponification is 
much more rapid if an alcoholic solution be employed. Potassium hydroxide 
dissolved in alcohol is very largely used for this purpose in laboratories The 
hydroxides of calcium, barium, and strontium are also able to effect sapom- 
fication, but the soaps produced are insoluble in water — 

2(CijH3iCOO)3C,Hs-f3Ca(OH)g=3(C„H3iCOO)jCaH-2C3Hs(OH)s. 

Saponification by means of both sodium hydroxide and calcium hydroxide is 
made use of in the punfication of cotton (Chapter XVII.). 

The Waxes.— The natural waxes are of both vegetable and animal origin. 
The former occur, chiefly, as “ bloom ” on the leaves or fruit of plants. Among 
animal waxes, spermaceti, beeswax, and wool wax are typical PTamplaff , T^ 
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ivaxes aie, geneTaUy, solid at oidinary tampeTatiues, and have much highet 
melting-points than the solid fata. 

Waxes resemble oils and fats in that they are esters and are capable of 
being saponified, but the products of saponification are different. When a wax 
is saponified, no glycerol is obtamed, but a monohydnc alcohol, which has, as a 
rule, a comparatively high molecular weight. The other product of saponi- 
fication IS a fatty acid or a mixture of fatty acids, as in the case of the fats 
and oils. 

Thus, a wax is not a glyceride, but an ester of a monohydric alcohol. Sper- 
maceti may be taken as an example It consists chiefly of cetyl palmitate, 
CijHsiC00Ci,Hj 3 The radicle (cetyl) gives rise to a monohydnc 

alcohol, CjjHgjOH. When an ester is formed, therefore, only one molecule of 
the acid is required. Thus 

C„Ha,OH-f-C„H,iCOOH=H*0-|-C,sH,iCOOC„H3,. 

Upon saponification with sodium hydroxide sodium palmitate and cetyl alcohol 
are formed — 

C„H,iC 00 Ci,H 3 a-l-Na 0 H=C„Ha,C 00 Na-|-C„H 330 H. 

The waxes difier from the glycendes, also, in the comparative difficulty with 
which saponification can he effected. The glycerides are all saponified when 
heated with aqueous sodium or potassium hydroxide, some even in the cold 
The waxes cannot, as a rule, be saponified by aqueous solutions of caustic 
alkalis. Prolonged boiling with alcoholic caustic potash is required and, some- 
times, heating with a imxture of glycerol and soium hydroxide, which is the 
most powerful saponifying agent known Thus, Knecht found that cotton 
waxes could not be decomposed with either aqueous or alcoholic potassium 
hydroxide. 

Glycendes contain only traces of unsapomfiable oils Waxes, on the other 
band, often contain true unsapomfiable oil, t.e. hydrocarbons 

Like the glycendes, waxes are lighter than, and insoluble in, water. They 
are also soluble in organic solvents and form emulsions with soap and water 

There are many monohydnc alcohols which enter into the composition of 
natural waxes. The chief of these are given in the following table — 


Name. 

Formula. 

Melting- 

point 

Occurrence 

Cotyl alcohol . 

Octuderyl alcohol 

Arachyl alcohol 

Cciyl alcohol 

MeliBByl alcohol 

Cholesterol 

Isorholesterol . 

Phytosterol 

Montanyl alcohol 

Gossypyl alcohol 

C„H„OH 

C„H„OH 

C„H„OH 

C..H„OH 

C,.H„OH 

C.,H„()H 

C„H„OH 

C„H„OH 

C„H„OH 

°C. 

CO 

SO 

70 

79 

14^150 

137-148 

135-148 

82^8 

Spermaceti. 

Spermaceti 

Fat of dermoid cysts 
ChincMs wax 

Beeswax 

Animal oils 

Wool wax 

Vegetable mis 

Cotton wax. 

Cotton wax. 


A few waxes contain dihydric alcohols. Camauba wax contains two, viz. 
oamaubyl alcohol, and cocceiyl alcohol, C 3 oH^(OH) 2 , both of 

which are melting-points of 103° to 104° C. 
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The terms wax and oil are sometimes used wrongly. Japan wax and myrtle 
wax are not waxes but glycerides, giving glycerol and palmitic acid when 
saponified. On the other hand, sperm oil is a true wax, smce it gives no glycerol 
but a monohydric alcohol. 

Unsaponlliable Oils. — These oils, which are #lso known as mineral oil, 
consist of hydrocarbons. They are obtained, either by boring into petroliferous 
strata of the earth’s crust, or by the distillation of coal, lignite, or petroliferous 
shale. 

The chief kinds of hydrocarbon oils are — 

1. Petroleum. 

2 Shale oil. 

3. Coal-tar hydrocarbons. 

4 Lignite-tar oil. 


Petroleum. 


Crude petroleum is found in many parts of the earth, such as North America, 
Central America, Russia, Calicia, Persia, Borneo, and Burma. It is obtained 
by boring Artesian wells into the petroliferous strata. Sometimes the oil has to 
be pumped from the oil-beanng stratum, while, at others, it rises slowly without 
pumping or gushes out to a considerable height. In some districts, large quantities 
of natural gas are obtained, also, which are used for illuminating purposes or 
fuel. The origin of petroleum is a matter of speculation. It has been suggested 
that it was produced by the action of heat upon submerged deposits of either 
vegetable or animal tissues Another theory is, that it is deriv^ from the fat ' 
of prehistoric sea animals. Either different causes or different starting-points 
have been involved, for the composition of crude petroleum difiers considerably 
in difiercnt parts of the world. 

The crude oil is a yellowish liquid which is lighter than water and which 
consists of a mixture of hydrocarbons. 

American petroleum consists almost entirely of paraffin hydrocarbons of 
the senes represented by the general formula C„Hg„^.g, but smaU quantities of 
benzene hydrocarbons are also present. 

The paraffins present in American petroleum include— 


Butane, C 4 H 1 Q, boiling at 
Pentane, CjHjg, „ 

Hexane, CgH^g, „ 

Heptane, C,Hi„ „ 

Octane, CgHig, „ 


1° C. 
38° C. 
71° C. 
99° C. 
126° C. 


The paraffins from C,Hgg to C^gHgg (boihng-point 270° C.) have been sepatated 
also, while others can be obtained by distillation up to 300° C. 

The crude oil is separated into various fractions by distillation. These are — 


(1) Petroleum ether, 

(2) Gasoline, 

(3) Light petroleum or petrol, 

(4) Kerosene (lamp oil), 

(5) Lubricating oil and vaseline. 


boiling-point 40° to 70° C. 

„ 70° to 90° C. 

„ 90° to 160° C. 

„ 160° to 300° C. 

>, above 300° C. 


The residue in the retort consists of pitch. 

Russian petroleum (or Caucasian) has a higher specific gravity tbim 
American petroleum; and contains a smaller proportion of hydrocarbons boding 
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( below 160° C, It differs from Ameru an. petroleum m eontaining a large pro- 
portion of naphthenes or cyclic hydrocarbons, and ako about 10 per cent of 
benisene hydrocarbons (CgHg„ ,) 

The chief naphthenes present are octonaphthene, CgHig, and nononaphthene, 

These can be made by the hydrogenation of benzene hydrocarbons 

Thus xylene gives octonaphthene or xylene hexahydnde — 

CgHig+faH=CgH„ 

HuBHian petroleum contains also more solid hydrocarbons than the American, 
but \ields less lubricating oil The paraflftn waxes are separated from the residue 
after distillation and the fractions with high boiling points, by treatment with 
concentrated sulphuric acid and redistillation 

Cercsine is the crude wax before redistillation It is used in cotton fimshing 
as a softening agent 

Galician petroleum is intermediate in comjHisition between American and 
Kussian Products similar to those from Russian jietrolenni are obtained also 
by the distillation of shale 

Coal-tar hydrocarbons have the formula e They are obtained by 

the fractional distillation of coal tar (Chapter XX ) 

Hydrotatboii oils arc unchanged by boding with sodium hydroxide, ahoholic 
potash, or glycerol and caustu soda Hence they can be separated from glyi crides 
and waxes by this means (p 67) 

The paraffin hydrocarbons are saturated compounds and are not decomposed 
by <icids Nor <an they form addition compounds But when treated with 
chlorine they give rise to substitution products, hydrochloru acid being also 
formed Thus 

OHgd Cla=CHsa KHCl 

methyl chilli iih 

Some chlorinated hydrocarbons are used us sohents and will bo described m 
Chapter XX 

Aromatic hydrocarbons react with sulphuric or mtnc acid, forming sulphonic 
acids and iiitro c ompounds respectively Thus 

CgHg flT^SOg— lI/)4 CgHgHSOj (benzene monosuliihomc acid) 

CgHg-f HNOj— H gt) I CgHgNOj (rntrobenrene) 

They form, also, chlorine substitution comjtounds when treated with chlorine 

CgHg+Cl 2 =HCl-fCgH 5 Cl (chlorobenzene) 

When hydrogenated, they combine with hydrogen, forming naphthenes or similar 
compounds some of which are important solvents (Chapter XX ) 

As indicated above, oils and fats contain small quantities of unsaponiiiable 
oils, while waxes may contain <i considerable proportion 

The Quantity of Oil and Wax in Cotton. — The total amount of fatty 
m.atter removed by sohents from raw cotton appears to depend upon (1) the 
nature of the solvent used (2) the temjteratiire of extraction, and (3) the physical 
condition of the cotton Those points may be considered briefly 

Petroleum ether, which is very commonly used m a laboratory, is a solvent 
of comparatively limited yiower Ether, benzene, carbon tetrachlonde, and 
chloroform all extract more from cotton in the order given 
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Glifiord, Higginboth&m, and Farghei (J. Text. Inst., 1924, T. 131), who nlade 
comparative experiments with different solvents, found that over a penod of 
twenty-four hours the extraction may be divided into two penods Dunng the 
first, extraction takes place rapidly, and measures, approximately, the matter 
readily soluble m the solvent ; whilst, during the second, extraction proceeds at 
a much slower and diminishing rate over a long period, and appears to be con- 
cerned principally with matter of different characteristics soluble with difficulty 
in the solvent That is, the nature of the fatty matter extracted vanes with 
the solvent and time of action. That different solvents remove different con- 
stituents has been shown already by both Knecht and Higgins. Clifford, 
Higgmbotham, and Fargher also investigated the effect of the temperature at 
which the extraction is carried out The following table summarises their 
results — 




Amcncan Cotton Amount extiacted (jkt cent ) m 



1 Hour 

4 llouis 

16 Homs 

32 Hours 







Lijllit }Ktioleiini I 
(bp 1 

coM 


0.38 

0 44 


hot 


0 42 

0-.)0 



’cold 


044 



(bp bO-70 (•)/ 

hot 

0 42 



0 52 

Etlii r . 

‘(old 

0 41 

HtiH 


0 54 

liot 

0 4.5 



0 59 

JJenicno 

’(old 

0 4.5 


0 57 

0 58 

hot 

0 4b 

0 5b 

0 59 

ObO 

Ciubou t(.tiarlil<)iid<' 

(old 

0 40 

0 51 

0 57 

0 59 

Chloroform . - 

''cold 

hot 

0 52 

0 67 

ObO 

0 7b 

0 02 

0 78 

0 63 



Eg>pti.iii Cotton Amount cvtroctcd (])er (cnt ) iii 



1 Jiolll 

1 Uouis 

10 llouis 

32 Hours. 

Li(;lit pctiiileum\ 

^cold 

■■ 

0 20 

0 34 

■■ 

(bp 40-60“ (')/ 

[hot 


0 28 


HUH 

bight iK!trol<‘UIu\ 

'(old 


0 35 


HIH 

(b p. 60-70° C )/ 

[hot 


0 37 


HtiH 

JBtlier . '< 

cold 


0 40 



[hot 

0 33 

043 


0 50 

Bonzono . '■ 

cold 

0 34 

0 43 

050 

0 54 

t_h(it 

0 46 

0 54 

063 

0 67 

Carbon U'tiachlonde 

cold 

0 33 

0 42 

0 46 

0 49 

Chloroform . . « 

cold 

_hot 

0 49 

0 52 

0 57 

0 61 

0 62 

0 08 

005 

0 72 


These authors recommend that extraction of ItK) grammes of cotton for a period 
of SIX hours with chloroform, m a hot Soxhlet apparatus, be adopted as a standard 
method for the determination of fat, wax, and resin in cotton, using a Soxhlet 
]ust conveniently large enough to contain the material and keeping the solvent 
actively boihng throughout the operation. They recommend the typo of Soxhlet 
shown in fig. 41, made of sheet copper hned inside with tin. 
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it will be observed that the greatest percentage of extract obtained was 0‘78 
given by hot chloroform. Fort (J. Soc. Dyers and Col,, 1923, p. 44) gives much 
higher figures, but confirms the statement that a solvent with a higher boiling- 
point extracts more than, one with a lower. 

Knecht and Street ( J, Soc. Dyers and CoJ., 1923, p 76) found that the quantity 
of matter extracted from cotton by oigamc solvents depends, to a certain extent, 
upon Its physical condition, mechanic^ disintegration causing an increase in the 
matter soluble in benzol. In one experiment, some Ameri- 
can raw cotton wi^s extracted completely with benzol, 
giving 0*63 per cent, of extract It was then steeped in 
hydrochloric acid of 2“ Tw strength for fifteen minutes, 
squeezed, dried, powdered, and again extracted with 
benzol. A further 0 39 per cent, of extract was obtained 
Higgins (J. Soc. Dyers and Col , 1923, p 150) had made 
similar observations, namely, that cotton contains some 
residual fat which cannot be extracted by solvents until 
> it has been treated with acid. He showed, further, that 
magnesium was present in the acid solution, and concluded 
./f that magnesium soaps must be present in the cotton, which 
are decomposed when treateuwith acid with liberation of 
' their fatty acids. 

iO" The Composition of the Benzol Extract.— This was 
investigated by Fargher and Probert (J Tejtt. Inst , 1923, 

I T 49), who extracted 2 tons of American cotton with 

I benzol for six hours They obtained 8 lbs of a dark brown 

semi-Bolid product which, after drying at 100° C tii vacuo, 
I gave a dark brown solid wax. This wax was extracted 

T successively with light petroleum, ether, benzol, alcohol, 

I and chloroform Extracts containing 60-7 per cent , 8’6 

j jier cent , 12"8 per cent , 5*0 per cent , and 2’2 per cent 

respectively of the crude wax were obtained and submitted 
to detiuled examination 

The principal cxmstituent was a new alcoho l.. CypH(,^0. 
which they term gossypyl alcohol. This appears to occur 
in three forms witn melting-points of (1) 87' to 88° C , 
(2) 86° C, (3) 82° to 83° C. Other alcohols found 
were — 

Montanyl alcohol, . 

Kio 41— iSoxhlct Carnaubyl alcohol, . . CggHjgO 

apparatus J Sitosterol, . . C^H^aO 

A.soihitt, B,condPiiKr, | a- und fi-amvnn, . . CgnHsflO. 

Among the acids isolated, palmitic, stearic, and oleic acids 
occur in the free state , the following chiefl.y as sodium salts montanic, cerotic, 
together with sodium palmitate and stearate, and the sodium salt of another 
acid with the formula ^ 4 HggOg. 

Esters included those of camaubic acid, palmitic acid, steanc acid, oleic 
acid, but the proportion of unsaturated fatty acids is small. Two crystal- 
line hydrocarbons, triacontane and hentnacontane, and other liquid hydro- 
carbons were isolated No glycerol was found. The composition of the 
various extracts and the relative importance of the constituents are shown 
by Fargher and Probert in the following table, substances present in large 
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amount being shown in black type, and those present in very small quantities 
in itabcs " 


/ Light 
I petroleum 

I extract 


t 

I 




Ether 

extraet 


Bi'iirene 

extract 


Aleohol 

extract 


I Clilorofoim 
' extiaet 


Sparingly I 
suluble. j 




Reaflily J 
soluble I 


} 


III ( 
Sparingly I 

aolubie I 

IV ( 
Readily J 
Buluble ! 

V 

Spanngly 
Huluhle 

VI 

Readily -] 
Nuluble 

VII ( 

Spanngly . 

soluble I 

vm 1 

Readily I 
suluble J 

{ - { 


y-Gossypyl alcohol, C-toHjjO 
/S-Gosaypyl alcohol, C,oH„0 

Free acids — palmitio, stearic, and oUtc 
Acids as esters — cantaublc, CifHfgO,, palmitic, stoanc, 
and oleic 

Montanyl alcohol, ijtMuypyl alcohol. 

Solid hydroeaTbon* — tnarontanc, hetUnaconlane, CjiITss- 

Liquid hydrocarbons, b p 170° to 220° C 28 mm , and 
b p 150° to 210° C 1 mm 
PhyUulerol, principally sitosterol. 

Amynn, CmH„ 0 
Montanyl alcohol, CmHmO 
Sitosterohn, 

Palmtltc and 
Steanc and 
Montanyl alcohol. 

Palmitic acid 
Steam oeid 

^-Gossypyl alcohol, 

P-dossi/ptfl alcohol 
Palin the and. 

Sienne and 

a-(»ossypyl alcohol, CjoHnO. 

Ocryl alcohol 

Sodium salts of muntanie, eerutic, palmitic, and stearic 
oeuW 

Sodium salts of fatty aeids (united with similar material 
from sparingly soluble portion) 

a-(Jossypyl alcohol 
Gamavbyl alcohol 
An acid, 


It should be noted that the paper contains very full details of the chemistry 
and identification of the.se bodies. The chief interest in the fatty constituents 
of cotton centres on the waxes (This is because (1) they exercise an important! 
effect m spinning, and (2) they are very difficult to remove completely in bleaching , ( 
(3) if not removed they tend subsequently to cause discolorations. These! 
waxes were investigated first by Schunk, who found that the matter extracted 1 
from cotton by boihng alcohol could be divided into two distinct portions, soluble • 
in the cold and boiling solvent respectively Both contained nitrogen, and 
included bodies now regarded as colounng matters > 

A systematic investigation was cam^ out bjr Knecht and Allan {J.S C.I., 
1911, p 813), who extracted cotton, successively, with petroleum spirit and 
benzol, proving also that the wax could be obtained in two portions with different 
solubilities. That soluble in petroleum spirit was an odourless, dull yellow 
substance closely resembling beeswax in appearance, texture, and fracture. 
When treated repeatedly with boiling 96 per cent, alcohol an insoluble residue 
(18-82 per cent ) of a glassy wax was obtained, melting at 78° C. The portion 
soluble m alcohol was more plastic , it melted at 62° C , and had an iodine value 
of 33 compared with 1 1'28 in the case of the insoluble wax. The wax could only 
be completely saponified by heating with glycerol caustic soda, and gave 47'6 
per cent, of unsaponifiable matter melting at 67° to 68° C. After acetylation, a 
phytosterol was identified, and two hydrocarbons whose composition agreed with 
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those of hentnacontane, O31H04, and dicetyl, Small quantities of glycOTol, 

oerotic, stearic, and palmitic acids were also obtamed from the soap solution. 
The second fraction of the wax extracted by benzol was a dark green granular 
mass melting at 68° C. After acetylation it gave also a phytosterol, and a fatty 
acid which was probably mclissic acid, The crude wax s ol uble in 

benzol obtained from Egyptian cotton and amounting to 0-47 per cent was 
atndietftHrtherby Knechtfi/-^ C./., 1911, p. 1007). When treated with petroleum 
spirit, it 18 resolved into two portions which he terms cotton wax A and B 
Cotton wax A is that portion soluble in petroleum spirit It amounts to 70 
per cent It has a pale .yellow colour, melting at 66° to 67° C., and conuigts 
chiefly of a true wax, containing also some free fatty acids, a little glyceride, and 
some unsaponiflable hydrocarbons Cotton wax B, msoluble in petroleum spirit, 
is a dark green granular plastic substance melting at 68° C. In a more recent 
paper (Knecht and Streat, J. Soc. Dyers and Col., 1923, p 73), it is shown that the 
crude cotton wax of Knecht and Allan contains also the cotton wax (in ji. 86° 0.) 
described by Schunk, and also another white solid with similar appearance and 
projicrtios, but melting at 79-5" to 80° 0 For these the names white cotton wax a 
and white cotton wax ^ are suggested 

White cotton wax a is obtained from cotton wax B of Knecht and Allan, and 
also from tliat portion of the crude cotton wax winch is insoluble in cold benzol. 
It would appear, therefore, to be less readily soluble than white cotton wax )3, 
which IS obtained from the portions of both the crude wax and cotton wax A, 
which dissolve in cold benzol The crude cotton wax already separated by 
Knecht and .^llan was first exhausted with petroleum spirit. The solution upon 
evaporation gave cotton wax A. The residue was extracted with benzol to 
remove wax B Ten grammes of wax A were lixiviated with small quantities 
of boiling alcohol till no further solution was effected. The insoluble residue 
(1'585 grammes or 18 85 jier cent ) had a dark brown colour and was not examined 
further. The alcoholic solution was hltercd whilst hot and the filtrate cooled. 
A browm.sh solid separated, having a melting-point of 68° to 09" 0. This was dis- 
solved m methyl alcoliol, the solution boiled with aiumal charcoal and filtered 
On cooling tile filtrate, a wax-like solid separated with a faint yellow colour and 
melting at 79" (J The yield was 9-4 {ler cent This was named “ white solid D.” 
When treated similarly, cotton wax B gave 20’05 per cent of residue insoluble in 
alcohol, the filtrate yielding a yellowish substance melting at 84° C This, after 
purification with methyl alcohol and charcoal, gave a white waxy solid melting 
at 86° U , which was named wax C. Probably A and C are identical, and also 
B and 1). The white solid D appears to be uiisaponifiable Thus Knecht and 
Allan’s crude wax contains (1) Schunk's wax, m p. 86° C , and (2) a white solid, 
m p 79'5° to 80° C , or white cotton wax a and j?. 

In a later paper by Cbfford and Probert (J. Text. Inst., 1924, T. 401) these 
experiments were rejieated on American Mississippi Delta cotton The wax 
was, in this, case, extracted by means of chloroform, which was used in preference 
to the 90 pter cent benzol emjiloyed m the previous experiments for the follow- 
ing reasons (1) the heating was by the introduction of superheated steam, 
causing possib^ saponification of some of the esters ; and (2) the benzol was 
imjiure, \ 

The foliowina table summarises the properties of the waxes obtained from the 
Delta cotton ani from the Upland cotton, used in the previous experiments, 
by extraction with carbon tctrachlonde for sLx hours. The results obtained 
confirm those recorlHed before, except that hydrocarbons were introduced by the 
impure benzol. 
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Wax ^lor cx;nt. on dry ootton 

Jtolting-point 

Uenaity 

Acid value 

Saponification value 

Saponification value after acetylation 

Acetyl value 

Iodine value 

Unsaponifiablc matter 

Acetyl value by unaaponifiable matter 


MuaiBBippi Delta 
Cotton 

Amencan Upland 
Cotton 

0-49 

76 6“ C. 

0 976 

29 

67 

137 

84 ■ 

27 

68 pcT cent 

123 

0-36 

80 6° C. 

1006 

21 

76 

121 

48 

20 

06 per cent. 

117 


The wax of Mishihsiii 2)1 Delta cotton contains, evidently, a lower proportion 
of combined acids and a somewhat higher proportion of free alcohols than the 
Upland cotton, though the higher acetyl value of the former is probably accounted 
for, in part, by the larger amount of sitosterol glucoside which has been shown 
to be present 

The following substances were identified — 

1 Alcohols. — These include— 

Gossypyl alcohol and montanyl alcohol, which are the chief constituents. 
Smaller amounts of alcohols, C3^H,„0 and OjgHjgO, and a mixture of glycols, 
OaoHssOa and CjsHsgOg, were also found. 

Sitosterol, Oj,H4gO , o- and / 3 -amyrin, CsoHsnO , lupeol, CsiHsoO 

A new sterol, C34HS3O, and a glucoside of sitosterol (sitosterolin) 

hupeol occurs fairly widely distnbuted in the vegetable kingdom, having 
been first isolated from the seed jiart of Lxtyuiw luteus by Likieruik, who assigned 
to it the formula C' 29 H 420 , but Cohen suggested OjiHgnO The sterol, 
has not been described before. 

2 Acids, — The free acids consisted principally of palmitic and stearic acids 
Smaller amounts of t arnaubic acids were found also, and very small quantities 
of gossyjtic and montaiiic acids, oleic acid, and the acids CgfHg^Og and 033113402. 
Palmitic acid, oleic acid, stearic acid, carnaubic acid, and small amounts of the 
higher acids (including mclissic) occur as esters 111 combination with glycerol 
and iihytosterols Carnaubic acid ajipears to exist in combination with phyto- 
sterols, and the higher acids with wax alcohols No soaps were found, and it 
would seem that the existence of these m the earlier benzene extract was due 
to the method of extraction used It should be noted that glycerol was defimtely 
identified. 

3. Hydrocarbons, mainly liquid, were present in small amounts, and a trace 
of a solid hydrocarbon, probably heptacosane Kesinous substances of a complex 
nature were separated also 

The Effect of the Cotton Waxes on the Spinning Properties. — Knecht 

Soc. Dyers and Col , 191 8 , p 220 ) proved that cotton wax exercised an important 
effect m spinning Egyptian cotton, after extraction, gave, when spun, excessive 
waste and irregular results It showed a tendency to adhere to the rollers, and, 
in simmmg fine counts, breakages were frequent. The yarn, after sjiinning, was 
from 24-5 to 27 per cent, weaker in tensile strength than ordmary yarn of the 
same count When used for warps in weaving, breakages were frequent But 
if the yam was spun 111 the ordinary way, and then degreased with benzol, it 
was found to be 13 per cent stronger after degreasing The addition of 2 per 
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cent, of paraffin wax to the wax-free yarn decreased its tensile strength by 
33 per cent American yarn increased in strength to the extent of 12*4 per cent, 
when extracted with benzol, but lost 4 per cent m elasticity. Higgins {Bleaching, 
p. 15) obtained different results for linen yams. These are seen in the following 
table . — 

Breaking Strength 
in GrammeB 


Original yam 730 

AfU'i ether extraction 790 

After hen/ol extroetion . 760 

After alcohol extraction 720 


The ether evidently removed matter which caused the slipping of the fibres 
over one another, and benzol, apparently, extracted waxy matter 
.1 which had a aolidating effect on the fibres In this and other 
tests the greatest increase in strength was always produced by 
if Ml the solvent with the lowest boiling-point, viz ether. Founded 

upon his expenments, Knecbt has patented a process for treating 
cotton with an organic solvent to facilitate spinning. The object 
of the process {J Soc Dyers and Col,- 1923, p 183) is to soften 
rather than to extract the waxy impurities, and is applied to 
|/*J' cotton after ojicning out and partial cleaning prior to carding 
The method of jiTOCcdure consists of jilacmg the cotton m a 
closed vessel into which a current of air laden with the vapour of 
a suitable solvent is introduced in such a way as to saturate the 
air in the vessel without coming info contact with the cotton. 
Such solvents as naphtha, jietroleum, turpentine, or tetrachlor- 
I thane mav be employed. The vessel used is provided with a 
porous lining or porous pipes, which permit of more or le.SB rapid 
vaporisation, though the treatment may be carried out also in an 
opening machine such as a bale breaker or scutcher 

The complete removal of cotton oil and wax constitutes the 
chief difficulty in cotton bleaching Oils can be removed from 
textile materials in three ways, viz (J) by saponification, (2) by 
emulsification with soap, (3) by extraction with an organic solvent 
The third method is the only one that ensures absolute freedom 
from oil and wax, though the other two are more commonly 
employed These points will be discussed fully later (Chapter 
XVII ). 

The Estimation of Oil and Wax. — The experiments of 
Fargher and Probert have been described above. Two types of 
fat-extraction apparatus are commonly used, viz. (1 ) the Soxhlet 
extractor, and (2) the continuous extractor A Soxhlet extractor 
IS illustrated in fig 42 A weighed quantity of dry material is 
placed in the extracting chamber A, while rather more of the solvent than is 
required to fill the chamber to the top of the syphon B is placed in the flask C, 
which has been previously weighed The flask and Soxhlet are then connected 
with a vertical condenser as shown in the figure The solvent is then gently boiled 
by means of a water-bath or a small flame according to its boiling-pomt. The 
vapour of the solvent, following the line of least resistance, passes up the wide 
side tube D into the chamber, is condenseil by the condenser and drops back 
-into the extracting chamber As soon as the level of the condensed solvent 
rises above the top of the syphon tube B, the solvent runs back mto the flask 


Fiu 42 — 
Kdxhlct ex- 
tractor 
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and the operation recommences. As a rule about three hours are required to 
complete the extraction, provided that the solvent is continuously boiled The 
flask is now removed, the solvent evaporated off, and the residue dried in a steam- 
oven and weighed. The disadvantage of this process is, that the solvent in the 
extracting chamber is comparatively cold Extraction with a hot solvent is, as 
noted above, more rapid and efiicient. The type of Soxhlet illustrated in fig. 42 
provides for this. But as a rule it is more convenient to employ a “ oontmuous ” 



VArinni forms of innei tube, 



Fonn A Form B Form C 

B —Boiling flask 
F — Jacket tube 
C —Condenser 
f.— Funnel tube 

p. — Glass points fixed on to furnish passage for vapour 
round the inner tube 

o — Overflon foi liquid 


Pio 43 — Lloyd’s extrortor 


extractor if hot extraction is desirable. Lloyd’s extractor, illustrated in fig. 43, 
IS both simple and efficient. 

The matenal to be exhausted is placed in the inner chamber A, which rests 
upon glass projections B to allow of the pas.sage of the vapour. The solvent is 
placed in the flask C and kept boibng fairly rapidly. The vapour condenses and 
drops into the inner chamber A. Since this is surrounded by hot vapour, con- 
tmuous extraction with the solvent at a temperature near its boiling-point is 
obtained. The matenal must be packed carefully in the inner chamber in order 
to avoid channels through which the condensed solvent could jiercolate. 

Pectoses and Pec&s. — Pectose, (CgHigOgln, is a colloidal carbohydrate 
belongii^ to the cellulose group (Chapter VIII.;. It is found associated with 
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celluloNe in plant tissues and, particularly, in unripe fruits. It is present in 
the cell wall of the cotton hair together with its derivatives pectin and pectic 
acid. PectoMC is an insoluble rolloidal substance, but differs from cellulose in 
being reailily hydrolysed by jirolonged boiling with water or alkalis, or by the 
action of enzymes 

The first product of hydrolysis is “ pectin,” which may have the composition 
^32^40028, or, according to Schryver and Haynes, Ci7H240ig. The hydrolysis 
of pectose into pectin is brought about, in nature, by the action of a ferment 
termed “ pectase ” In an unripe frmt much pectose is present. As ripening 
proceeds, this pectose is transformed into pectin by the action of pectase Thus, 
ripe fruits contain much pectin and comparatively little pectose Irish moss 
consists largely of pectin, while apples and gooseberries contain a large proportion 
The pectins are insoluble in cold water, but gradually form colloidal solutions when 
boiled with water These set to a jelly on coobng. Pectin is precipitated from 
its solutions by basic lead acetate When boiled for some time with water, or 
alkalis, it is changed into bodies known as metapectin and parapectin Pro- 
longed bulling of jiectins with water or dilute alkalis, or the further action of 
enzymes changes them into “ pcctic acid,” OjgHggOjs Pectic acid is, like pectin, 
a colloidal substance which is insoluble in cold water but forms a colloidal solution 
in boiling water, which sets to a jeUy on cooling Pectic acid forms salts with 
metals Those of the alkali metals are soluble m hot water, but the pcctates 
of calcium and magnesium are insoluble If an acid be added to a solution 
of a pectato, insoluble pectic acid is precipitated in the form of a jelly 
When jieotio acid is boiled for a long time with either dilute acids or alkabs it 
gives metapectio acid This acid is no longer colloidal. It dissolves readily 
in water and forms soluble salts Its solutions do not set when cold, nor is the 
acid precipitated when metapectatos are treated with a mineral acid All of 
these changes are also brought about by the action of pectase, and take place 
simultaneously Thus pectoscs, pectins, and pectic acids arc found, commonly, 
together as in the cotton hair Prolonged boiling with sodium hydroxide, 
however, converts all three kinds into soluble iion-oolloidal metapectic 
acid 

Barnes (J SC 1 , 1916, p 1194) states that the presence of large and varying 
amounts of carbonates in the ash of cotton fibre leads us to suppose that some 
portion of the mineral matter is present in combination with an organic acid. 
Pectin and salts of pectic acid jilay an important part in forming the binding 
substances between plant fibres They have been shown by Mangm to consist 
of three classes of substances — 

(o) Neutral bodies including pectose which are insoluble in water and 
resemble cellulose. 

(6) Neutral bodies of a gelatinous nature soluble in water and known as 
pectins. 

(c) Faintly acid substances such as pectic acid which occurs chiefly as calcium 
pectote Such acids will account fur the absorption of some of the 
mineral matter, and indeed neutralisation of excessive acidity may be 
one of the functions of alkaline salts in cell sap. 

The nature of the pectins is still indefinite. Difierent observers do not agree 
even as to ’ts percentage composition Cross and Bevan (Cellulose, p. 217) 
classify the pectins as carbohydrates contaimng acid groups. But they seem 
to contain more oxygen and less hydrogen than the carbohydrates, and their 
acid properties become more marked on hydrolysis. Schryver and Haynes 
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(Biochem Jour , 1906, 10 , 539) arc of opinion that pectins are not carbo- 
hydrates but acids 

The Mineral Constituents of Cotton. — The quantity, and nature, of the 
mineral constituents of the cotton hair vary with the < ompositiou of the soil in 
which the plant grows and also with the kind of cotton Certain elements are 
essenti.il to plant life In addition to carbon, hydrogen, nitrogen, oxygen, and 
sulphur, the invariable constituents of protems, phosphorus, calcium, magnesium, 
potassium, and sodium, and iron, are also necessary Silica is required to give 
ngidity to the hard tissues Other elements, such as iron and aluminium, may 
also be present, but are not essential to the formation of protoplasm But a 
plant cannot select the saline bodies which it takes up Whatever soluble 
diffusible salts the soil contains will be taken up with the water which enters 
through the root Liirs This is cva^iorated .igam .it the surface of the leaves, 
the soluble salts being left behind m the plant tissues Thus the mineral con- 
stituents, beyond the essential ones, must be determined to a certain extent by 
the soluble salts which are ])resent in the soil The exact nature of these mineral 
s.ilts in the plant ( .innot be determined directly All that can be done is to burn 
the tissue to an ash and neigh and analyse this Having determined the acids 
and bases whuh it contains one can recombine these according to their chemical 
affinities and thus reconstruct their probable combinations in the plant tissue. 
There is however, one difficulty Some of the bases are combined with organic 
acids Thus calcium occurs probably as calcium pectate When the calcium 
or sodium salt of an organic acid is incinemted sociiiim or calcium carbonate la 
produced Hence the presence of carbonates m the ash may indicate merely 
th<it the c<ilcium was combined onginalh with an organic aoid Cotton lint 
may contain, in addition to the n.i,tiir.il mineral constituents of the hair, such 
extraneous mineral matter as sand and dirt 

The following t.ib]e gives the iicrcentage of ash found in different varieties 
of c otton lint bj Matthews and Mome rosjiectivcly 



Mdtthc ws 

Monio. 

Dharwdi 

4 lb 


Dholk I ih 

(>02 

4 10 

Sc a Isl mil 

1 2'5 

] 10 

I’ciiivmn soft 

1 b» 

1 80 

J^iiician ioii,{)i 

] 15 

1 25 

Jk ng il 

3 08 

5 iO 

il 

314 

2 58 

(Jnirawuttcc 

2 ')2 

2 9i 

Kgyptiin blown 

1 73 

1 00 

Vgviitian while 

1 19 

1 75 

1*1 inainbiito 

] bl) 

] 08 

Aimiiran 

1 52 

1 CO 2 10 


The present authors have determined the percentage of ash given by a number 
of different varieties of cotton of known origin and purity The results are 
recorded m the following table — 


\aiHty of 
Cotton, 
Amcnenn 
Brown Egjjitian 
fica Jslancl 


I’dcent Kii 
of Axb 
1 la 
1 n't 
009 
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BUaSAOHmO and fikisbino of cotton. 


Variety 
of (kitton 


Percentage 


of Ash 

Ponivian 


2 4(1 

llrowii iSiiilati 


1 .‘10 

Soudan 


3 91 

Oara 


200 

West Indian 


144 

Nyassaland 


159 

Surat 


1 59 

Uganda 


1 70 

China 


1 01 

West Afncan 


2 12 


Barnes (J S.C I., 1916, p 1191), who has paid particular attention to the 
determination of mineral matter in cotton, gives the following figures 


Variety 
of Cotton 

1’fri‘ent age 

of Ash 

Texas 

1 27 

Memphes 

1 92 

Arkansas 

1 33 -J 07 

Ken Island 

1 18 

Brown Egyptian 

1 37 

Indian 

1 34-3 09 


It will he noted that the ash content may nse to 3-99 per cent in the case of 
Indian cottons Barnes concludes that the total ash in cotton fibres has been 
underestimated by previous workers, who have assumed that it was largely due 
to foreign mineral matter in the form of dirt in the baled cotton He considers 
it established, that genuine cotton may contain upwards of I })cr cent of ash, 
and that the composition of this ash is vanablc to a greater extent than hitherto 
supposed The a.sh content of cotton may easily be underestimated owing to 
the fact that it contains sodium and potassium chlondes whicli are lost unless 
the Ignition is carried out at a low temperature The colour of the ash of cotton 
vanes from white to grey, brown, or reddish brown It is always strongly 
alkaline to phenolphthalein, and contains a considerable quantity of carbonate 
In general, it consists of aluminium, calcium, magnesium, sodium, potas.siiim, and 
sometimes iron, combined with chlonne, sulphuric, phosjilioric, silicic, and 
carbonic acids 

Matthews (Textile Fibres, p 212) gives the following percentage composition 
of the ash — 



Urc 

Davis, Ureyfuss, 
and Holland 

PotaBBium carbonate 

44 8 

33 22 

Potassium chlondc 

40 0 

10 21 

Potassium Rul]ihate 

93 

13 02 

Sodium earbonate 

. 

3 35 

Calcium phosphate 

00 


Calcium carbonate 

10 0 

20 20 

Magnesium phosi>hate 

84 

8 73 

Magnesium earbonate 

. . 

7 81 

Kemo oxide 

30 

340 

Alumimum oxide and loss . 

60 
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In the rasp of Tndun rottoiTs thr following figures are given by Barnes 
(lor at ) 



Amble Ouzc'iat, 
Bombay 

Chiniut Road, 
Ibinjab 

Sdna inMoIulili in H(1 

15 60 

14 40 

Alumina 

10 80 

12 87 

lion oxidp 

5 89 

1 92 

larnt 

0 75 

10 65 

sia 

1 87 

4 SO 

Sulpliali s ( iH SO,) 

1 90 

2 52 

Piiosphoius JM nto\i(lf 
l*()t ish 

3 2b 

4 40 

27 32 

2b OS 

( hloiim 

6 55 

i 84 

( irbrm dniMck 

12 19 

801 

S kK 

4 51 

840 

1 nd( t( rininc d ind loss 

0 34 

2 52 


Yarns and inofe goods may contain much more mineral matter than cotton 
fibre, im hiding Mich bodies as magnesium and /me chlorides used m the prepara- 
tion of sizing mixtures But, as a rule, the ash of a prepared lotton ha‘ much 
the same composition as th it of the cotton fibre and does not often exceed 1 per 
rent in amount 

It will he noted th.it many of the mineral constituents of cotton are soluble 
in w iter, while practically everything except the silit a can be removed by hydro 
chloric acid 

Knecht and Hall (J SC 1 , 1919, 7a) found that a considerable quantity of 
mineral matter, consisting chiefly of potassium s ilts, was extracted by alcohol 
from both American ind Egyptian cotton 

(rcake (J Tejct Iii>t , 1924, T 81) proved that the various growths of trade 
cottons h ive charactenstic phosphorous contents, and this fact may be used in 
certain cases to distinguish between them For example no difficulty was 
exjienencecl m distinguishing with certainty between American ind Egyptian 
growths 

The average values are approximately as follows . — 

Ame ri( in 
Sc i Island 
Sikcllaiidis 

jitiin and otiicr Sikellaiidu 
South Amine m 

Raw cotton direct from the bale has an irregular phosphorous content due 
to lack of umformity in the material, but no irregularity was observed in cotton 
at any stage of the manufactunng operations For the estimation a sodimentrie 
method 18 recommended, in which the phosphoric acid is precipitated with 
strychnine molybdate ancl measured after centrifuging m a graduated tube, the 
volume of the precipitate being compared with that obtained under identical 
conditions from a known weight of phosphonc acid 

It was observed, also, by Geake that the phosphorous content of the vanous 
classes of cotton followed their power of absorbing methylene blue It is well 
known that unremoved mineral matter may alter the affimty of a textile fibre 
for dyestuffs 

h 


0 Ol per pent PjOg 
0 07 
0 12 
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The Removal of Mineral Matter. — Ex(!ept for special purposes, mineral 
matter is only removed incidentally in bleaching. The ash of bleached cotton 
is usually about ()•! and rarely exceeds 0-5 per cent. The bulk of it consists 
of unremoved calcium compounds introduc.ed by the bleaching liquor. Where 
greater freedom from mineral matter is required, the bleached cotton is treated 
with hydrochloric or hydrofluoric acid and washed. It is impossible, however, 
to make ash-free cotton or cellulose by any known means, though the ash content 
may be reduced to very small proportions. Part of the mineral matter is soluble 
in water, still more may be removed by treatment with dilute hydrochloric acid, 
vrhile nearly all of it is dissolved by boiling with dilute 'sodium hydroxide under 
pressure The lye boil is, in effect, the chief process which removes mineral 
matter. But little, if any, is removed afterwards. On the contrary, the ash 
content is generally increased by the subsequent bleaching, unless sodium 
hypochlonte is used 

The following figures show the effect of the ordinary processes of the 
bleaching • — 



reiecnta^c of Ash 


Kxp 1 

Exp 2 

Onxiiml yam 

1 17 

0 94 

After IkiiIkij; with 2 per cent Kxliiim 
liydniMilc under jiresMiro 

0 02 

0 000 

After bleaeliing 

0 02 

0 000 


It will be noted that practically all of the mineral matter is removed by the 
soda-boiling process, provided, of course, that the subsequent washing is thorough 
It has been shown by Trotman and Pentecost that mineral matter inhibits or 
retards the hydrolytic action of sodium hydroxide on the fats and nitrogenous 
constituents of cotton If the cotton is charged with unremoved saline con- 
stituents, when it IS Innled with alkali this retarding action is produced, and 
incomplete removal of other impurities may result This can be avoided by 
taking advantage of the fact that much of the mineral matter can be removed 
by a preliminary soak in water or dilute hydrochloric acid This is seen from the 
following figures ; — 



1 

No 2 

Ash in (iiiginal yarn 

1 17 

0 94 

Ash afte? f«>aking in wati'r 

0 20 

0 27 

Ash after soaking in warm hydro 



eldorii ueid at 1 Tw 

0 08 

0 13 


This point will be referred to again later when deahng with the process of 
steeping One point, however, is evident If an ash-free cotton is required, the 
proper course is to remove the mineral matter by preliminary washing with acid, 
instead of from the bleached goods as is generally done 

Colouring Matters. — The protems. waxes, and pectins of the cotton hair 
are all more or less coloured Removal of these naturally reduces the colour. 
But these coloured impurities are all removed by boiling the cotton with sodium 
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hydroxide and washing the residue with water. When this has been done there 
remains still a residuum of colour which can only be removed by bleaching. 
This residuum is the “ natural colour principle.” It is in some way associated 
with the cell protoplasm and is itself nitrogenous. It varies in amount in different 
varieties of cotton, being greatest in brown Egyptian cotton. The colouring 
matter of cotton cannot be removed by any one solvent, but is partly soluble 
in manv, such as water, alkahs. alcohol, benzene, etc. Enecht found that the 
extracts obtained successively with benzol, alcohol, water, and ammonia were 
all coloured Benzol extracts much colour. Tbe alcoholic extract, after 
removal of the benzol soluble constituents, has a rich brown colour, and upon 
evaporation yields a brown hygroscopic amorphous substance The aqueous 
extract gives brittle brown scales, while .stiU more colour is removed by water 
and ammonia. These colouring matters were studied first by Schunk, who 
concluded that in American and East Indian cotton it was of two kinds, one 
soluble in cold, and the other in boihng, alcohol, and both containing nitrogen. 
They were difficult to investigate since they were nncrystallisable and resinous. 
The percentage of nitrogen found was 6*18 for that soluble in cold, and 8'74 for 
that soluble in boiling, alcohol. S( hunk’s colouring matter probably included 
cotton wax Knecht has recently i.solatetl compounds which he regards as the 
true colouring matters. They are destroyed by oxidising agents such as chlorine, 
hypochloroua acid, or peroxidiscd compounds, and form leuco-compounds with 
re.(luoing bleaching .igents such as sulphur dioxide. 

The natural residual colouring matters are comparatively easy to remove 
by bleaching after complete removal of the cotton waxes, proteins, and pectins. 
In cotton bleaching, the processes are designed to render soluble, and remove by 
wa.shing, all of these impurities before subjecting the goods to the bleaching 
operation The purity and durability of the final colour is largely determined 
by the completeness of these prehminary processes 

Tannic acid, Ci^HmOg, is distnbuted very widely in vegetable tissues. 
Galls con.si.st largely of “tannin,” which is probably a glucoside of tanmc 
acid The dried leaves of the sumac tree contain 25 per cent, of tannic acid, 
and many other leaves, barks, and woods contain it in considerable quantities. 
It can be extracted from materials containing it by extraction with water. 

Pure tannic acid is a colourless amorphous substance, readily soluble in water 
and alcohol, but only very slightly soluble in ether Its aqueous solution has 
an astringent taste, and weak acid properties. It forms salts with metals. Those 
of the alkali metals are soluble m water, but tannates of heavy metals are in- 
soluble Its solutions in sodium hydroxide absorb oxygen when exposed to the 
air and become brown in colour When a solution of tannic acid is treated with 
a soluble iron salt, such as iron alum, a deep blue- black or green- black colour is 
produced This reaction is made use of in the preparation of ink, while insoluble 
tannate of iron is produced m silk for the purpose of weighting Tannic acid 
combines with many organic bases giving insoluble salts. Some alkaloids and 
all basic dyestuffs can be precipitated from their solutions as tannates, and tannic 
acid IS used as a mordant for cotton when it is dyed with basic dyestuffs. 

The most important property of tannic acid is its power of forming an in- 
soluble compound with gelatin and proteins, which is the basis of the manufacture 
of leather. 

When tannic acid is boiled with a dilute acid it is hydrolysed into gallic acid, 

C*H.(0H)3C00H- 


CMH„0,-fH*0-2C^,0s. 
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If gallic acid be heated to a temperature of 210° C. it gives off carbon dioxide 
and leaves a residue of pyrogallol, 0 * 115 ( 011 ) 3 --- 

C3H3(0H)sC00H=0eHj(0H)8+C03 


Tannic acid may be itself prepared from gallic acid by heating it with phosphorus 
oxychloride to a tomjieraturc of 130° C For these reasons it is thought that it 
may consist of two molecules of digalhc acid condensed with the elimination of 
water, thus 


/OH 
C.HjfoH 
.\OH 

^C001I_„ ^ , 
/OH -***0+ 
(ieH^^OH 
\\0H 
\C00H 


/OH 

G3H3f0H 

\\0H 

\co 

/ 

CeHa^OH 

\\OH 

\C00H 


There are, however, other tannins which are denvcd not from pyrogallol but 
from catechol, C5H4(0H)2 These are distinguished from pyrogallol tannins by 
the following real tions — 

Vvrogallol tannins give a blue black colour with a solution of ferric alum, 
catechol taiiniris a green black Droniine water gives a preci|iit.itc with catechol 
tannins but none with jiyrogallol tannins 



CHAPTER Vm. 


THE CARBOHYDRATES AND CELLULOSE; HYDRO- 
CELLULOSE AND OXYCELLULOSE. 

Ci 1 Li'i.osj , which IS the essential constituent of the cotton hair, belongs to 
an important group of organic compounds termed carbohydrates This group 
includes innn> of the important natural foodstuffs, such as sugar and starch 
All carbohydi.ites are composed of the elements carbon, hydrogen, and oxygen 
Tlic hydrogen and ox^ gen are always present m some multiple of the formula H^O 

Thus, glucose, t might be wntten C8(H20)9, and cane sugar, CijHggOn, 

( i 2 (HgO)n As a rule, when a carbohydrate is treated with a powerful dc- 
hydraiing agent, the Indrogen and ox\geii are withdrawn and carbon is left 
For such reasons these comjiouuds were termed carbohydrates, but they do not 
( out nil w itcr m the sense expressed by the formula H^O The carbohydrate 
grou]) induclos maii> bodies besides cellulose which are of importante in cotton 
bleaching and finishing Its members may be divided into the following sub- 
gioups 

1 The sugars 

2 The starches and dextrms 

3 The celluloses 

The Sugars. 

Under this name is included a large number of naturally occurring vegetable 
and animal i om-()ounds, which, as a rule, possess a sweet taste and, m many cases, 
rotate the jilanc of polarised light The group includes, also, a number of bodies 
tciiiied glucosides These derivatives of sugars are found m miny vegetable 
tissues and under the influence of dilute acids or enzymes are hydrolysed, giving 
a sugar as one product (( hapter X) 

Thu sugars may be classified as — 

1 Motiosiuckmo'ics, whicli have the general formula 

2 I)t ioccharoie^, with the composition 

The di saccharoses, sucli as cane sugar, are readily hydrolysed by dilute acids 
with the formation of two molecules of one or more monosaccharoses 

Ui2H2^0ii-f-Hg0=2CgHi20g 

The chief members of these subgroups are — 

(o) Mono',accharoseb — glucose (dextrose or grape sugar), fructose (levulose), 
mannose, galactose 

(h) Dt-iacoJuxt ide ^ — eanc sugar (sucrose), maltose, lactose 

Dextrose, or grape sugar, oci urs in the juice of npi' grajies It is 

found, also, in many other frmts but, usually, accompanied by levulose (fructose). 

S6 
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Both dextrose and levulose are present in honey It is obtained, together with 
levulose, when cane sugar is heated with a dilute acid, the mixture being known 
as “ invert sugar ” — 

dextrose leTuIose 

Dextrose is less soluble than levulose, especially in 70 to 80 per cent alcohol 
It may be prepared by inverting cane sugar with dilute sulphuric acid at about 
60° C., neutralising the acid with barium hydroxide, and, after filtenng off the 
precipitated barium sulphate, concentrating the solution and recrystallising 
from 80 jier cent, alcohol Dextiose is obtained also, when starch is heated tor 
a long time with a dilute solution of a'mmcral acid (/ v ). In this case dextrin, 
18 formed as an intermediate product, which is hydrolysed further into 
dextrose by pmlonged boiling with acid — 

OsH,oOg+H*0-CgH,,06 

(loinmercial glucose, or starch syrup, is generally made m this way After 
inversion, the solution is neutralised with chalk, the calcium sulphate which is 
formed filtered off, and the solution concentrated till it crystallises A variable 
amount of dextnn is always left unhvdrolysed J'ure dextrose is a colourless 
substance with a sweet taste It melts at 146° C It is soluble m water, and 
gives crystals of the composition GgHjgOg.UgO It dissolves also m 70 to 80 
per cent, alcohol, but is insoluble m stronger spirit, and also in organic solvents 
such as ether, or petroleum spirit. 

Dextrose, in aqueous solution, combines directly with the oxides of calcium, 
barium, and strontium, giving soluble compounds termed “ glucosates,” which 
are decomposed by carbon dioxide with regeneration of the sugar— 

C6H„0,+Ca0=C.Hi*(Ca0)0e, 

CgH, 3 (UaO) 09 +GOg-OgH,aOg+CaCO, 

When heated to a temperature of about 250° 0., dextrose is changed into a brown 
substance termed caramel Traces of acids or nlJcalis cause this change to take 
place more readily. When treated with concentrated sulphuric acid, dextrose 
dissolves and gradually carbonises, though not so quickly as cane sugar. When 
an aqueous solution of dextrose is digested with yeast, at a temperature of about 
20° C , fermentation takes place, with the production of alcohol and carbon 
dioxide — 

0gHi3Og^2(’3H5OII+2()O3 

Other compounds are formed also in small quantities This reaction is caused 
by an enzyme named “ zymase ” Yeast contains other ferments also, including 
invertase and maltasc, which are able to change cane sugar and maltose into 
monosaccharoses. 

Dextrose is dextrorotatory, t e its aqueous solution rotates the plane of 
rotation of polarised light to the right The angle through which it is rotated 
bears a constant relation to the concentration of the solution and the length of 
the tube lu which the solution is contained. By measiinng the angle of rotation, 
by means of a polanmeter, the quantity of dextrose jiresent m the solution can 
be estimated. Dextrose is a powerful reducing agent It is able to reduce 
Fehling solution, when boiled with it, giving a precipitate of cuprous oxide, CugO. 
If the conditions of the experiment are always the same, the weight of cuprous 
oxide precipitated bears a constant relation to the weight of dextrose present. 
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By collecting and weighing the cuproiu oxide, the amount of dextrose present 
in the solution used may be calculated. The preparation of Fehlmg solution is 
described on p. 92 . 

The constitution of dextrose is expressed by the formula CH20H(CH0H)4CH0, 
which indicates that it contains both alcohol and aldehyde groups. When 
dextrose is heated with acetic anhydnde and zinc chlonde, five acetyl groups 
(CHgCOO) are introduced — 

C6HiiiO,+5CH3COOH=C,H,(OOCCH3)jO+5HaO 

This reaction is similar to that which takes place when ethyl alcohol is treated in 
the same manner — 


CaHgOH+CH3COOH=CaH5.00CCHs+HisO. 

In this reaction the hydrbxyl is replaced by an acetyl group The same thing 
18 repeated for each alcoholic hydroxyl group present Hence, by heating an 
organic comjiound with acetic anhydnde and zinc chloride, one can find out if 
hydroxyl groups arc present, and, by anal^'sing the compound formed, deterimne 
also their number The zinc chloride acts onlv as a catalytic agent, ^ c it assists 
in bringing about the chemical change without being altered itself Since 
dextrose gives a pentacetate, it must contain five hydroxyl groups, and is a 
pentahydne alcohol expressed by the formula CeH,0(0H)5. 

Alcohols may be either — 

(1 ) Primary aleohols, which contain the group CHgOH, such as ethyl alcohol, 
CHj CHgOII 

(2) Secondary alcohols, which contain the group OHOH, like isopropyl alcohol, 
(CH3)30HOH. 

( 3 ) Tertiary alcohols, contaimng the group C.OH, such as tertiary butyl 
alcohol, (OHaljCOH 

When primary alcohols, represented by the general formula R.CHgOH, 
are oxidised by mild oxidising agents, they are converted into aldehydes of the 
formula R (TIO Thus, with ethyl alcohol — 

CH 3 CHj 0 H+ 0 =CH 3 CH 0 +H 30 . 

When the aldehyde is oxidised, or the alcohol is treated with a strong oxidising 
agent, an acid is fonned Both the aldehyde and the acid always contain the 
same number of carbon atoms as the original alcohol— 

CHjCHO +0 -CHs COOK 

These products may be rciiresented by the formula! ( 1 ) RCH.3OH, ( 2 ) RCHO, 
( 3 ) RCOOH. When an aldehyde is reduced with sodium amalgam it is recon- 
verted into a primary alcohol — 

CH3CHO-l-Hj=CH3CHgOH. 

Slecondary alcohols behave differently when oxidised, giving, instead of 
aldehydes, bodies termed ketones, characterised by the presence of the CO group. 
The ketone contains the same number of carbon atoms as the alcohol from which 
it IS produced In the case of isopropyl alcohol the reaction is 

(CH 3 ) 3 CH 0 H-|- 0 =H 30 -f- (OHa)3CO. 

The compound (CH3)3CO is acetone. Acetone is not oxidised very readily to an 
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acid, but, when treated with strong oxidising agents, it gives an acid containing 
fewer carbon atoms than the ketone - 


(CH3)^C04 40=(JH3COOH+C%3+HgO 
When acetone is reduced, it is reconverted into the secondary alcohol — 
(CH3)3C0+H3= (CH3)3CH0H 

Tertiary alcohols, when oxidised, give ketones and acids, both of which 
contam a smaller number of carbon atoms than the alcohol Thus, tertiary 
butyl alcohol gives both acetone and acetic acid, together with carbon dioxide 
and other bodies, the molecule being completely broken down 

When dextrose is oxidised with bromine water, it gives gluconic acid, which 
has the formula CH30H(C'HOH)^COOH Strong oxidising agents, such as 
nitric acid, convert it into saccharic acid, COOH(OHOH)4t'OOH Both of 
these acids contain the same number of carbon atoms as the original alcohol 
When dextrose is reduced with sodium amalgam it gives sorbitol, which is a 
pnmarj alcohol CeHg(OH)g or CH30H(CH0H)3rH30H These facts indicate 
that dextrose contains primary alcoholic (t'HgOH) and aldehyde (ClIO) groups 
Further evidence is found in the following reactions 

1 Both aldehydes and ketones react with jihenyl hydrazin, t'jHj NH NHg, 
giving bodies termed hydra/ones To prejiare ti lijdrizone, a solution of phenyl 
hydrariii in dilute acetic acid is added to one of the ddi hjde in the same solvent, 
or the two bodies may be simply mixcxi together The reaction may take pi ire 
at once, or only on w irmiiig, the hydra/one separating as a ])reci])itatc or ,in oil 
This IS hltered off, washed with dilute acetic acid, and recry stallised 

The formation of a hydrazone is an important test for the CO group in organic 
coiniiounds In the case of dextrose the reaction is 


tTla01I(CTI0ir)4( HO f H3N NHCgH5=H30+CH30H(CH0II),CII NjlICgHs 

If excess of phenyl h> dra/iii be used and the mixture he iti d another c 1 iss of 
product IS produeecl, termed an oza/one, aniline being also separated Tlie 
ozazoues are less soluble tli in the hyebazones 

The formation of an ozazoue is represented by the equations 


(1 ) CgH,30g+2NHa NHCgH.-CgHjgOgfNNHCgHg)^ | 2H3O -f H, 

(2) CgHgNHNH3f2H =CgHgNH3+NH3 

2 Both aldehjdes and ketones cximbine with' hydrocyanic acid to form 
bodies termed c yaiiohydriiis In the c ase of dextrose this reaction is 


/OH 

C H3011(CH()^)4CH0^ HCN-OH3OII (CHOH Igt If/ 

^ON 

The cjauohy drills, when hsdrolyscd with a diluti* mineral acid, give caiboxylic 
acids and ammonia 


CH30H(CH0H)gCH/ 


OH 

CN 


-4-2H30-CH30H(CH0H)gCH0HC00H+NH3 


Levulose, CgHigOg, occurs togethei with dextrose, as mentioned .ibovc, m 
honey and many fruits It is also a constituent of insert sugai It is jire^iared 
by treating a solution of invert sugar (20 per cent ) with slaked lime, keejung the 
mixtuie cooled with ice \bout (> parts of lime are stiried in little by little to 
10 parts of invert sugar dissolved m 50 of water Both dextrose and levulose 
form glucosates, CgH^OgCaO But while the glucosate of dextrose is soluble. 
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that of levulose is only spanngly soluble m water. The latter is collected on a 
filter plate, pressed, and washed with a httle cold water It is then suspended 
in water and subjected to aistream of carbon dioxide Calcium carbonate is 
precipitated and soluble levulose liberated — 

CgHj20*Ca0+C0j=GaC0s+CeHi20g 

After filtering off the calcium carbonate, the filtrate, when evaporated, gives a 
syrup consisting of levulose 

Artichokes contain a starch called mulin which is soluble in hot water When 
a solution of mulin i^flfeated with dilute sulphuric acid levulose is produced — 

V (CgHig0g)„4MHg0=n('gH„0g 

If the sulphuric acid be precipitated with barium hydroxide, the mixture filtered, 
and the filtrate evaporated, levulose is obtained Levulose is more soluble in 
watei and alcohol than dextrose It rotates the plane of rotation of polarised 
light to the left Like dextrose, it is a powerful reducing agent and reduces 
Fehling solution to cuprous oxide When heated with acetic anhydride and zinc 
chloride, it gives a pentacctate, CalljfOOCCH,)^©, and hence must contain five 
h'ydroxyl groups It is reduced by sodium amalgam, but gives a mixture of 
niaiiiiitol and sorbitol, both of which have the formula CHg0H((’H0H)4CIl20H 
In this respect it acts like acetone, (CHj)^!'© which, when reduced, givcjs iso- 
propyl alcohol 

(ClI,)gt' 0 + 2 H= (('H 3 )gCH 0 H 

When levulose is oxidised with bromine water or nitnc acid, tartaric acid, 
COOII(UHOIf)g('OOH and glvcoUic acid (H^OH COOH, are produced Like 
dextiose, it reacts with pheiijl liydrazm giving a hydrazonc For these reasons 
levulose is believed to be a ketone .ind not an aldehyde like dextrose, and is 
rcjireseiited by the formula CH20H(CH0H)3f’0 CH3OH Levulose is changed 
into alcohol and carbon dioxide bv yeast, but not so readily as dextrose 

The Di -saccharoses, t'lallaaOjj The most important member of this 
group IS cane sugar, or sucrose, which occurs in the juices of many jilaiits, notably 
in the sugar cane and sugar beet It is made from both in the same way The 
sugar cane is crushed in a hj draulic press to expel the juic e Beet is made into 
a pulp .iiid extracted with water The crude solution thus obtained is neutralised 
with lime and heated to coagulate dissolved proteins Excess of lime is then 
precipitated by means of carbon dioxide The solution is then decolorised by 
tieatmeiit with animal ch.ircoal and filtered The filtrate is next evaporated 
under reduced jiressure till it crystdlises on tooling The crystals of sucrose 
arc removed centrifuged, and purified by recr) stallisation The mother liquid 
constitutes moLisses or treac le Sucrose jxji white crystalline substance, readily 
soluble m water, but only sparingly soluble in alcohol and insoluble in other 
organic solvents such as ether 01 benzol. It melts at lbO“ C , and at about 200 ° C 
gives off water and becomes c hanged into a dark brown Hub&tance termed caramel 
When treated with concentrated sulphuric acid sucrose first cbssolves, then 
blackens, and finally swells uji into a mass of carbon Pure charcoal is prepared 
by powdering and washing this residue 

When a solution of sucrose is warmed with a dilute acid it is rapidly hydro- 
lysed into a mixture of dextrose and levulose — • 

CiaHggOij-l-H^O^CglljgOg f C'gHigOg 

This mixture, after neutralisxition of the acid with barium hydroxide, filtering 
off the barium sulphate, and concentrating is sold as invert sugar Sucrose is 
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dextrorotatory, but invert sugar is levorotatory. This is because the levorotatory 
power of levulose is greater than the dextrorotatory power of dextrose. Sucrose, 
like the monosacchandes, combines with the oxides of calcium or barium, forming 
soluble sucrusates Calcium sucrosate is used as an adhesive and sometimes for 
thickemng cream. Strontium sucrosate, CuHgo(SrOH){Oii, is used in the separa- 
tion of sucrose from molasses. This is treated with strontium hydroxide The 
strontium sucrosate is insoluble and is removed by filtration. It is then suspended 
m water and decomposed by carbon dioxide, the strontium carbonate being 
removed by filtration from the regenerated soluble sucrose. 

Solutions of sucrose do not reduce Fehling solution until they have been 
inverted by means of acid Neither is sucrose fermented by yeast. But yeast 
contains an enzyme, termed invertase, which is able to invert cane sugar into 
dextrose and levulose, which are then changed into alcohol and carbon dioxide * 
by the specific enzyme zymase. 

With acetic anhydride, sucrose gives an octa-acetate, CigIIi 403 ( 00 CCH 3 )g. 
Hence it contains eight hydroxyl groups Because of this and, also, on account 
of the formation of dextrose and levulose when hydrolysed, it is considered that 
sucrose consists of one molecule of each condensed with the elimination of one 
molecule of water. 

The methods used in the investigation of the structural formula of cane sugar 
are of considerable interest, because they illustrate the way m which the problem 
IS being attacked in the ca.se of cellulose Sucrose not only gives an octa-acetate 
but also an octamethyl derivative, 0 uH,4O3(OCH*)3 

Haworth and Law {Trunb. Ohem Hoe, 1916, 109, 1314) found that, when 
this octamethyl sucrose was hydrolysed with dilute acid, a tetramethyl glucose 
was produced, which is believed to have the structural formula 
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.CH(OH) * 

/ I 

/ CHfOCHa) 
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CHfOCHj) 
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DHgfOCHj), 

Haworth (Tiaim Ckeiii. Hoi , 1918, 113, IM8) isolated also a tetra- 
methyl fructose from the products of hydrolysis of heptaniethyl sucrose, 
CiaHigOgiOLHj), This compound has the following structural formula — 

CHgfOOHa) 
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/C (OH)* 

0 <| 

^OH 
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CHfOCHg) 


CH(OCHj) 
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Since it is almost certain that sucrose consists of a dextrose residue attached 
to a levulose residue, it follows that the umon of the two residues must be through 
the two carbon atoms to which the hydroxyl groups are attached (marked *} 
in the two methylated products of hydrolysis, one molecule of water being ehmin- 
ated. Thus the structural formula of octamethyl sucrose by the elimination of 
water and condensation of the two residues is seen on the diagram. 
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If the CH 3 groups are rcjilaced by hydrogen, sucrose is obtained. Thus : 


CH-0 

('H.0H 

\ 1 ® 

I 

OHOH 
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This shows that sui rose contains eight hydroxyl groups, and is neither an aldehyde 
nor a ketone Hence it would not reduce Fehling solution 

Maltose, C]^H^iO|j,~is'of some importance in cotton bleaching, since it is 
formed as one product of the action of diastase, or malt extract, on starch, 
dextnn being also formed- 

SCeHinOB+HgO— CiaHj 30 ii+CgHn) 0 |i. 

dextnn 


Maltose is a sohd substance readilv soluble in water. It crystallises with one 
molecule of water. Its solution i.s dextrorotatory It differs from cane sugar 
in the following particulars 

(1) It reduces Fehhng solution (2) It is fermented by yeas^, being first 
hydrolysed to dextrose by an enzyme, maltase, the dextrose being decomposed 
into alcohol and carbon dioxide by another enzyme, zymase (3) When maltose 
is hydrolysed by dilute acid it yields dextrose only and na levulose. (4) Like 
sucrose it gives an octoacetate and reacts with phenyl-hydrazin, forming a hydra- 
zone. It is probably a condensation product of dextrose 

Gellobiose, is another important member of this group. It is 

formed by the action of an enzyme, “ cellobiase,” on cellulose, and its derivatives, 
such as acetates, are among the products of acetylosis of cellulose. It bears a 
relation to cellulose similar to that of maltose to starch, and is of much interest 
in the study of the constitution of cellulose. It is beheved that cellobiose com- 
plexes exist in cellulose to the extent of from 33 to 60 per cent. 
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Tlie Estimation of Sugar. — Sugar can be estimated in two ways 


1. By the polarimeter. 

2. By means of FeUing solution. 

The latter is, for general purposes, the simplMt. 

Febling Solution. — Two solutions are required, viz — 

(а) 34'63 grammes of pure crystalline copper sulphate dissolved in distilled 

water and made up to 500 c c t) i, 

(б) 70 grammes of stick sodium hydroxide and 173 grammes of pure Rochelle 

salt (sodium potassium tartrate) dissolved separately in water, the 
solutions mixed and made up to 500 c.c 

These solutions are kept separate and mixed in exactly equal volumes when 
required for use Either a volumetric or gravimetric method of analysis may 

TTie Volumetric Method.- — A. burette is filled with a 1 per cent solution 
of the sugar Ten c c of Fchling solution are placed in a small flask with 
40 c c. of water. The fla.sk is ]ilaced on a hot plate with the burette jimt 
above the neck. The contents of the flask are then boiled gently, and the 
solution of sugar run in carefully from the burette till the copper sulphate is 
completely reduced to cuprous oxide. This point is be.st determined by UMng 
Harrison’s indicator This is made by boiling 0 05 gramme of starch with a 
little water, adding 10 grammes of potassium iodide and diluting the solution 
to 100 c.c. Spots of this indicator arc placed on a white tile From time to 
timo a drop of the liquid in the flask is removed by a jiointed glass rod and placed 
on one of the spots, and then one drop of dilute acetic acid is added As long as 
unreduced cojiper is present the blue colour of iodide of starch will be developed. 
As soon as no blue colour is produced the titration is finished and the volume of 
sugar solution used is read off The quantities of the dificrent sugars exactly 
reduced by 10 c c. of Fehliiig solution are — 


JJf 

L('\ UloM' 
Invcit sugar 
JjUcIos*' 
Alultohc 


0 IXiOO gi amine 
0 0500 
0 0500 „ 

0 0078 „ 

0-0807 


The Gravimetric Method. — This is more nccurate than the volumetric 
method 0 Sullivan’s 2 iroces 8 is as follows From 20 to 50 cc of i elding 
solution are diluted with an equal volume of distilled water and brought to the 
boil, or immersed in boiling water. A measured volume of the sugar solution 
IS then run in and boiling continued for two minutes, or the beaker coutaim^ 
the mixture placed in boiUng water for fourteen minutes At the end of the 
heating the bqiud must still contain excess of Fehling solution, » c it must have 
a deej) blue colour If it is not blue the experiment must be repeated, 
less of the sugar solution. The precipitated cuprous oxide is now filtered off on 
an asbestos mat in a platinum or sdica Gooch crucible and well washed with 
boihng water The mat is then wa.shed successively with alcohol and ether, 
dried for about half an hour at 100° C , and weighed From the weight of 
cuprous oxide the dquiv.dent of sugar may be calculated Sometiines the 
' crucible is ignited ami the oxide weighed as cupric oxide, CuO. The following 
table gives the factors i^r conversion — 

\ 
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Dextrose 

Cane Sugar 
after Inversion 

Lactose. 

Maltose 

0 6042 

0 4700 

0 6843 

0 8132 

0 4535 

0 4300 

0 61.53 

0 7314 


The cuprous oxide, after filtration and washing, may be titrated by Knecht’s 
method, as described. Cane sugar must be inverted before it can be esti- 
mated by Fehlmg’s method. Fifty c.c. of the solution are placed in a 100 c.c. 
flask together with 5 c c of hydrochloric acid The mixture is then heated to 
70° C for ten minutes, cooled, made alkaline with sodium hydroxide, and diluted 
to 100 c c. It IS then filtered and the mvert sugar estimated in the filtrate. 

The Polysaccharoses, (CeHioOs)„. 

This group includes three important lands of carbohydrates, viz — 

1 The starches 

2. The dextrms 

3. The celluloses. 

While the jiercentage composition of all of these is in agreement with the 
formula CallmOj, yet the molecule is in every case represented by some multiple 
of this, and is generally wntten (CgHigOs)„ When these carbohydrates are 
hydrolysed they give one or more monosaccharoses Hence they are believed 
to consist of molecules of mono- or di-saccharoses, condensed with the elimination 
of water This is the reason why they are called polysaccharoses. 

The chemistry of starch and dextrin will be dealt with under finishing materials 
in Chapter XXIX , but cellulose must be described here 

Cellulose, (CgHioOB),,, is the most widely distributed of the natural carbo- 
hydrates It forms the chief constituent of aU vegetable tissues There are 
many varieties, which differ chiefly m the readiness with which they are hydro- 
lysed, the products of hydrolysis, and the presence or absence of active ketone 
(CO) groups. Acconlmg to Cross and Bevan,‘ they may be classified as follows — 
^ 1 Those with maximum resistance to hydrolysis and containing no active 
CO groups This group includes the cellulose of cotton, flax, ramie, and hemp, 
which when hydrolysed yield dextrose 

2. Cellulose with less resistance to hydrolysis and containing diree.tly active 
CO groups. These contain more oxygen than the members of group (1), and, 
owing to the presence of CO groups, they reduce Fehhng solution. When 
hydrolysed with acids they give dextrose and other sugars, and if distilled with 
hydrochloric add furfurol, CiHjO CHO, is obtained as one product. This 
aldehyde is prepared by distilling “ pentoses ” {x e. carbohydrates contaimng 
five carbon atoms) with acid, while those containing six atoms give none An 
important member of this group is oxycellulose. 

3. Hemi- and pseudo-celluloses. These resemble cellulose in appearance, 
but are comparatively easily decomposed or hydrolysed. The products of 
hydrolysis include such bodies as mannose and galactose, CgHijOj, and pentoses, 
CjHjoOb. 

ToUens (J.8.C.I., 1901, p. 740) divides the celluloses rather differently into 


‘ Much of the information given in the following pages has been taken from Beaearches 
on OeBuhte, by Cross and Dordo and Cross and Bevsn. • 
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1. Celluloses. 

2. Hydrated celluloses, ^.e. hydro- and henu-celluloses, which do not reduce 
|Fehling solution but are readily hydrolysed to reducing compounds. 

j S Cellulos es aontaiimut carboxyl groups such aa pecbos. 

/ 4. Celluloses containing both ketone (CO) and carboxyl (COOH) groups, 

which both reduce Fehhng solution and have acid properties. 

Both of these classifications include such bodies as hydrocellulose and oxy- 
.... cellulose, which are probably decomposition products of true cellulose. On the 
other hand, they do not differentiate, simply, between the cellulose of the ordinary 
textile fibres and that of the more complex vegetable tissues such as wood. 

Wolffenstem and Bumcke (J.SC 1 , 1901, p 925) criticise this classification, 
since thehydrocelluloses (p. 105) and oxycelluloses (p. 109) are generally regarded 
as hydrat^ and oxidised derivatives of cellulose. They suggest the following 
classification : - 

1. Celluloses. 

2. Hydrated celluloses. 

3. Beducing celluloses containing the CO group 

4. Reducing celluloses containing carboxyl groups. 

Cro.ss and Bevan (loc ctt ) make the following distinctions , — 

Cellulose are either (1 ) simple or (2) compound 

Simple celluloses are those of coUon, flax, ramie, etc. 

Compound celluloses include — 

(а) Lignooellulose, the substance of ligmfiod tissues 

(б) Pectocelluloses and mucocelluloses, which like pectose are readily 

hydrolysed. 

(c) Adipocelluloaes and cutocelluloses, the substance of cuticular and subensed 
tissues in which the cellulose is associated with fatty and waxy bodies of 
high molecular weight 

Preparation of Pure Cellulose. — ^Pure cellulose may be prepared from 
cotton by the method of Cro.ss and Bevan. This consists of the following 
operations — 

1. Boihng with dilute sodium hydroxide to dissolve proteins, pectins, and Oil. 

2 Treating the washed residue with chlorine water to oxidise colouring matter. 

3. Extraction of the bleached residue with alcohol and ether to remove the 
last traces of oil and wax. 

4. Extracting with dilute acid to remove mineral matter. 

5. Repetition of the processes, if necessary 

This treatment does not remove the mineral constituents entirely, though 
it reduces them to very small proportions. In order to obtain ash-free cellulose, 
treatment with hydrofluoric acid is necessary to remove the last traces of silica. 

The Committee of the Division of Cellulose Chenustry to the American 
Chemical 8oc^ety have adopted the following process for preparing pure standard 
cellulose {J Sb^ Dyers and Col., 1923, p 302) . — 

One hundredVrammes of Wannamaker's Cleveland raw cotton are carefully 
cleaned by hand-^king, placed in a nickel gauze container, and boiled four hours 
in a beaker with 30.nammes of caustic soda, 15 grammes of rosin, and 3000 c.c. 

' of water. The brovm^alkaline solution is displaced with hot water until the wash 
water is only slightly alkaline. Moat of the rosin is now removed by a further 
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boiling for fifteen minutes in 3000 o c. of water containing 6 grammes of caustic 
soda. This solution being displaced by water as before, the cotton is given a 
third boiling with 3000 c o of water containing 3 grammes of caustic soda. After 
washing, the cotton is dumped into cold water and allowed to cool. Exposure 
to air must be avoided during these operations, and means provided for moving 
the container up and down in the solutions. The cotton is next drained and 
bleached by immersion in sodium hypochlonte solution (containing (J'l per cent, 
available chlorine) at 20“ for one hour in diffused light. It is then washed with 
water for ten minutes on a Buchner funnel and sodium bisulphite solution added 
drop by drop during the last rinsing, until starch iodide paper shows no reaction. 
It 18 now finally rinsed and dried by folding m a cloth surrounded by filter-paper 
and hand-pressing. In this state it contains negligible traces of fat, which may 
be extracted with alcohol-benzene mixture if desired. 

Properties of Cellulose. — Pure cellulose is a white, odourless, tasteless 
substance which retains the organised structure of the matennl from which it 
was prepared. Its specific gravity is 1-6. It bums freely in air with a lununous 
smokeless flame. It is hygroscopic, absorbing up to 18 per cent, of moisture 
when exposed to a damp atmosphere When heated to a temperature of 150 C. 
it becomes brown in colour. If the heating be continued at this temperature or 
the temperature be raised, the cellulose decomposes and acid vapours are given 
off. Prolonged exposure to air or heat for a shorter period at a temperature 
below 150° C. converts it gradually into a body termed oxycellulose. Cellulose 
IS insoluble m either cold or boiling water, and also in organic solvents. It dis- 
solves in cold concentrated sulphuric and hydrochloric acids, being subsequently 
hydrolysed to dextrose. It is soluble also in Schweitzer solution, concentrated 
zinc chlonde, or calcium thiocyanate solutions. It adsorbs acids and alkalis to a 
limited extent, and also certain salts such as copper sulphate. It is not attacked 
readily by alkalis in the absence of air, though if oxygen is present oxycellulose 
is produced. Cellulose possibly combines with water, giving a hydrated cellulose, 
(CgHijOslj.HjO, which is present in mercerised cotton This is isomenc with 
another important denvative, hydrocellulose, which is the first product of the 
hydrolysis of cellulose. 

Cellulose is fairly permanent but, under suitable conditions, is attacked by 
certain enzymes and bacteria. The properties of cellulose are in reality those 
of cotton. Since these must be described fully, the chief properties of cellulose 
need only be briefly referred to here. They are— 

1. It 18 readily hydrolysed by acids, with the formation of dextrose. 

2. Is fairly resistant to alkaline hydrolysis. 

3. Forms more or less definite adsorption compounds with sodium or potassium 
hydroxide. 

4. Is converted by oxidising agents into derivatives containing ketone (CO) 
and carboxyl (COOH) groups. 

5. Forms ethereal salts with many organic acids and nitrocelluloses with 
nitric acid. 

6. Its adsorption compounds with sodium oxide form xanthates or thio- 
carbonates when treated with carbon bisulphide. 

The Constitution of Cellulose. — The percentage composition of all kinds 
of cellulose is represented by the formula CgH^pOs, but it is certain that some 
multiple of this must be taken to represent the molecule. The exact multiple 
is a matter of considerable uncertainly, and, hence, the formula is written 
generally as (CgHipOg),. 
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The constitution of cellulose is still unknown, although it has been the subject 
of much investigation. Its importance is equalled only by its difficulty, and the 
constitution of cellulose has become almost a special branch of organic chemistry. 
The molecular weight cannot be determined, since no known solvent dissolves 
cellulose without changing its chemic^ properties or physical condition. Owing 
to its colloidal nature, and consequent complexity, the products of its decom- 
position are not easy to separate and determine quantitatively, and this must 
be done before any attempt can be made to prepare a chemical compound by 
Rjmthesis 

The chief facta connected with the chemistry of cellulose are — 

1. It contains hydroxyl groups Four are possibly present in each CgHigOj 
unit, since, when cellulose is heated with acetic anhydnde and zinc chloride, a 
tetra acetate, CgHgO(OOCCH 3 ) 4 , is produced This led Cross and Bevan to 
propose, originally, the formula CjHgOfOHjg It may be noted, however, that 
Perkin and Green (J S C.I., 1906, p. 652) could not prepare a cellulose acetate 
containing more than three acetyl groups. These hydroxyl groups must bo 
alcoholic m nature, and since, when oxidised, both carboxyl and ketone groups 
are introduced, both primary and secondary alcoholic groupings must be present. 
That IS, the molecule contains both CHjOH and CHOH groups 

2 Cellulose itself does not reduce Fehling solution, nor form hydrazones when 
treated with phenyl-hydrazin Nor does it exhibit any of the properties of an 
acid Hence neither carbonyl nor carboxyl groups can be present 

3 When cellulose is completely hydrolysed by dilute acids it gives dextrose, 
CgHjjjOg, the constitution of which is known, while partial hydrolysis produces 
bodies having reducing properties, i e containing carbonyl groups 

4 Under the influence of acetic anhydnde an octa-acetate of cellobiosc, 
CjjHgjO,!, IS produced, while laivoglucosan is obtained by distillation under 
reduced pressure. 

5. Since derivatives of benzene can be obtained from cellulose, it is assumed 
that it IS built up on the type of a closed nng as opposed to an open chain 
Further, the group CO— CHj must be present, because when cellulose is fused 
with alkalus, hydrogen, and carbonic, acetic and oxalic acids are formed. 

The following is taken from Researches on Celluhse (Cross and Don^e), 
p. 65.— 

“ The solution of the problem of cellulose constitution has taken its place 
as a definite objective of the systematic science, and since the researches towards 
this end are based upon ngorous quantitative method, the results are ^portant 
accumulations of data which must be accepted as. exact There are several 
methods, or lines of attack, with the common aim of resolving the ceUulose into 
bioses, or monoses, or their ester-ether derivatives, quantitatively estimating 
these, and from the yields and constitution (configuration) deducing an integral 
constitutional formula for the parent complex. 

“ The characteristic features of these several methods are as follows, cotton 
cellulose being generally adopted as the typical cellulose and parent sub- 
stance — 

“1. Solution of the cellulose in ‘ mineral acids,’ HgSOg . . . H 2 S 04 . 2 ^H 20 , 
HCl, Aq (41 to 42 per cent. HCl), (blution with water, and boiling to complete 
the hydrolyms. 

“ 2. Solution in acetic anhydride, in presence of sulphuno acid : acetolysis to 
cellobiose-octacetate. 
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“ 3. Conversion to methyl- and ethyl-ethers by interaction of alkali-cellulose 
and sulphuric esters and resolution of these. 

“ 4. Distillation under reduced pressure yielding leevoglucosan. 

" The results obtained under these several sections arc by no means uniform 
or uniformly interpreted ; this conflict of results, or interpretation, is in itself 
a progressive criticism, ducidating the terms of ultimate common agreement. 
Outside any question of interpretation the following very definite stages of 
progress have been achieved — 

“(a) The recognition of cellobiose as the cellulose sugar; the proof of its 
constitution and its relationship to maltose. 

“ (/>) The recognition of laivoglucosan as a definite cleavage product . a carbo- 
hydrate of Cg dimensions produced in large proportion to the original 
(50 per cent ), and by a process which, although technically described 
as destructive, is not severe as regards constitutional change. Con- 
stitution probably settled. 

“ (c) Preparation of methyl derivatives and their resolution, particularly, to 
a crystalline tnmethyl glucose of known constitution.” 

The Hydrolysis of Cellulose. — ^If dextrose be the final product of the 
hydrolysis of cellulose, it would indicate that cellulose may be formed by the 
condensation of dextrose with the elimination of water. Thus • 

SCgHjjjOg — HjO— CgHjgOg. 

But if this bo so the theoretical quantity of dextrose should be obtained when 
cellulose is hydrolysed. According to the equation 

CgH,gOg=H*0-|-CgH,gOg, 

KM) parts of cellulose yield 1 1 1 parts of dextrose. 

Ost and Wilkeniiig (Ghem. ZeU , 1910, 34, 461 , J SC 1 , 1910, p 688) con- 
verted cellulose into dextrose almost quantitatively by the following process: 
Five grammes of cellulose were dissolved in 50 c c of 72 per cent, sulphuric acid, 
and after standing three hours, the solution was diluted to a content of 3 per cent 
of sulphuric acid and 0-25 per cent, of cellulo.se products, and finally digested in 
an autoclave for two hours at 1 10° C Estimation of the dextrose formed ga\ e 
100-4 per cent on the cellulose taken Organic acids which formed barium salts 
were also present to the extent of 4-3 per cent (calculated as HgSOg) on the 
cellulose. The specific rotatory power of these was an 44-8, and 1 gramme of 
the solid gave 1-15 grammes of dextrosazone 

Monier- Williams (J. Chem Soc, 1921, 119, 803), who used sulphuric acid 
as the hydrolysing agent, obtained a yield of crystalline dextrose amounting to 
90-67 per cent, of the theoretical quantity. It should be noted that it is rarely 
possible to separate and weigh the whole of the products of hydrolysis, and a total 
yield of 90 per cent , especially as no other body was identified, may be regarded 
as satisfactory and to indicate that dextrose is the only product. But Wohl 
and Blumrich (J.S0I, 1921, 158a), using hydrochloric acid as the hydro- 
lysing agent, concluded that two bodies are produced, namely, dextrose and a 
higher carbohydrate, the latter being capable of being hydrol 3 'sed further. 
Cunmngham {J.S.C I., 1918, 236a) also concluded that no quantitative resolu- 
tion of cellulose into dextrose has been obtained. 

Irvine and Soutar (J. Chem. Soc., 1920, 117, 1489) state that a normal 

7 
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cotton cellolose m reprenented by tbe formula (C{HigO£)„, and is probably a 
polyglucoHc anhydride. The complex may consist of simple C,HigOs units, 
derived from hexose by molecular loss of water, polymensed m unknown numbers, 
but, on the other hand, n molecules of a hexose may be connected together 
directly, through the elimination of n molecules of water, or, where n is 
a large factor, («— 1) molecules. In either case the first point to be settled 
IS to ascertain, beyond doubt, if glucose is actually the hexose formed by the 
hydrolysis of cellulose, and, if so, to determine exactly the amount of sugar thus 
produced. The inquiry becomes more definite if it can be shown that, within 
the limits of reasonable experimental error, cellulose can be converted into 
glucose in terms of the equation 

100 ^> 111 - 11 . 

The claims which have been made from time to time that practically quantitative 
yields of glucose have been obtained from cellulose are criticised adversely “ Up 
to the present time, in no research on the hydrolysis of cellulose, where a yield 
of glucose, even approximately to the theoretical amount, has been claimed, have 
the results been based on the quantity of the sugar or of a characteristic derivative 
actiirtJJv isolate<\.” 

But in the work described the weight of hexose was ascertained from that 
of the crystalline compounds obtained in a state of purity and m well-defined 
stereochemical forms Adopting this standard, Irvine and Soutar proved that 
the minimum vield of glucose from cellulose is 85 per cent of the theoretical 
quantity The method used was as follows (Vllulosc was treated with a large 
excess of acetic anhydride and sulphuric acid When the fibrous structure had 
disappeared the product was poured into water and the precipitated solid acetate 
separated The filtrate then contained the lower acetylated glucoses together 
with acetosiilphatcs and other soluble degradation products, whilst the insoluble 
residue consisted of polysacchande acetates The latter wore heated in an 
autoclave at KX)” C with methyl alcohol containing 0 5 per cent of dry hydro- 
chloric acid gas. This first removed the acetyl groups which were converted into 
methyl acetate Then simultaneous hydrolysis and condensation with the 
solvent ensued. The mam product of the reaction consisted of a crystalline 
methyl giucoside, but about 26 per cent of the material remained, and was un- 
affected on repeating the treatment with methyl alcohol and hydrochloric acid. 
This amorphous residue was hydrolysed with dilute aqueous hydrochloric acid 
and the product of hydrolysis again treated with the acid alcohol In this way 
the total yield of methyl giucoside from the fraction insoluble in water was 
obtained I’ure crystalline glucose was easily prepared from this compound 
It is uncommon in the sugar group to obtain crystalline derivatives in yelds 
which exceed 80 per cent Hence a yield of 85 per cent, affords strong evidence 
that cotton cellulose is composed essentially of glucose residues condensed 
together The methyl giucoside obtained was isolated from three groups of 
acetolysis products, viz — 

A. Soluble in water. 

B. Insoluble in water and hydrolysed by methyl alcohol. 

C. Insoluble in water and resistant to acid methyl alcohol 

The quantities of methyl giucoside obtained show that the cellulose molecule 
may be dissected mto three portions. A, B, and C. The approximate ratio in 
which those are present are — 
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Ollulose 100 Parts 

Methyl 

Gluonside 

Kquivalent to 
ilextnwe 

C«K i«0» 

A gave 

9 5817 

89 

80 

B gave 

62 3372 

48 6 

43 7 

C gave 

39 9008 

37 0 

33 3 



94 5 

85 0 


That portion of the cellulose molecule which is most resistant to hydrolysis agrees 
closely with the maximum yield of cellobiose octa-acetate obtained from cellulose, _ 
and this di-saccharide represents apparently the most resistant portion of the 
cellulose molecule 

Cellobiose. — It has been mentioned above that cellobiose is a di-saccharide 
isomeric with maltose, and that it is obtained as an octa-acetate when cellulose 
18 treated with acetic anhydride under suitable conditions, and also that the 
action of the enzyme cellobiose produces small quantities of this sugar when it 
acts on cellulose Cellulose is rather resistant to chemical changes, and hence 
cellobiose, which is much more reactive, forms a convenient starting-point in 
researches in connection with the constitution of cellulose. 

As stated above, when cellulose is decomposed by acetic acid, acetates of 
cellobiose are produced Oat (J S C.1 , 1913, p. 784) found that, when cellulose 
IS acetvlated by a mixture containing sulphuric acid and a catalyst, the solution 
loses Its viscosity on standing, and a range of dextnn acetates is produced 
terminating in cellobiose octa acetate and dextrose penta-acetate The best 
results are obtained with a mixture of acetic anhydride and glacial acetic acid 
containing 1(1 grammes of sulphuric acid per KM) c c Cellulose was digested 
with about eleven times its weight of such a mixture at 18" to 20° C for from 
four to SIX months From the reaction products, a certain amount of cellobiose 
acetate crystallises out, the liquid is poured into water, and the dried precipitate 
IS extracted with ether TJhe insoluble matter contains cellobiose acetate and 
acetates of intermediate dextrins The former separates on crystallisation from 
70 per cent alcohol, while the dextnn acetates are precipitated from the mother 
liquid by water The ethereal extract of the precipitate, and of the portion of 
the reaction product soluble in water, contains the dextrose acetate. A portion 
of this crystallises out as penta-acetate, and further quantities may be prepared by 
subsequent acetylation of the residual syrups Of crystallisablc products, cellobiose 
and dextrose acetates, 60 6 per cent of the theoretical quantity were obtained, 
while that recovered from the residues brought the percentage up to more than 92 
The residual syrups wore identical with those obtained from dextrose, and Oat 
concluded that the cellulose molecule is composed entirely of dextrose residues. 

In the results of Irvine and Soutar quoted above, a total deficiency of 15 
per cent was recorded They think that it is conceivable that this may be 
accounted for by the presence of a nucleus in the cellulose molecule which is 
resolved into a ketone group on hydrolysis. The yield of ceUobiose acetate 
never exceeded 60 per cent, equivalent to 31-9 per cent, of glucose. It would 
appear, therefore, that at least one-third of the cellulose molecule contains the 
linkage characteristic of cellobiose, which contains eight hydroxyl groups,’' one 
of which has reducing properties and is therefore terminal, ft follows that one 
of the remaimng hydroxyl groups of the reducing component must be attached 
to the reducing group of the second glucose residue. The position of this linkage 
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may be fixed from (among other factors) the constitution assigned to tnmethyl 
glucose, and the following formula may be deduced for cellobiose — 
yCH OH 

0/ (Iroh 




^CH OH 


CH 


/ « \ 


\ 


CHO.CH (CH OH),.CH.CH OH.CH*OH 
CHgOH. 

The expanded structure below, in which G and Gj represent glucose residues, 
can thus be deduced for a fragment of the cellulose complex. 

.CHOG 


< 


CHOH 

I 

CIT OH 

, 1 

OH 


CH 0 Gi 

I 

CHg OH 

Other investigators have arrived at dificrcnt conclusions with regard to the 
constitution of cellobiose Dorr (J. Soc Dyers and Col , 1924, p 16) states that 
when cellulose is acetolysed with acetic anhydride and a little sulphunc acid, 
ecllodextnns are first produced and then cellobiose. The latter is a well-defined 
crystalline compound with a specific rotatory power of au— d-34 6 and a constant 
reducing power, and forming an ozazone. Cellobios^ can be oxidised to a mono- 
basic acid, cellobionic acid, and its erapyrical composition is identical with that 
of maltose, from which it differs in its reducing power, the melting-point of its 
ozazone, and lu being scarcely fermentable. An isomeric cellobiose has been 
isolated by Ost. The formula suggested for cellobiose is 

I ^ 1 

CHj.OH CH OH CH.CHOH CHOH CHO 

CHOH.CHOH.CHOH CH CH.CHjOH 

I 0 1 


Von Euler (J SC.1 , 1921, 764a) suggested another constitution for cello- 
biose, VIZ — 

CH*(CH0H)4-CH=0 


OH OH OH O 

(!!h,-(!;h-ch-ch-ch-(!!: 


CHOH 


0 
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Haworth and Hirst (J.S.C.I., 1921, 234a) and Haworth and Leitch (J.8.C.I., 
1919, p. 691 ) have suggested the following fonnulse for cellobiose and maltose : — 

CHj(OH) 


— CH— 0— 
CH(OH) 

0 I 

1 CH{0H) 


(’H(OH) 

CHj(OH) 


''H(OH) 


CH 


CH(OH) 

I 

CH(OH) 

-GH(OH) 


CH(OH) 

CH(OH) 

in 

CH(OH) 


CH{0H) 

C!H(OH) 

-CH(OH) 


CH,(OH) 

cellobioBo 


Haworth and Hirst think there is evidence of a structural linking for the part 
of the glucose constituent of the type 


CnOH(OH)CH(OH)CH.CHCHs,(OH) 


0 O 

1 I 

which IS linked with other residues through both the reducing and hydroxyl 
groups attached to the fifth carbon atom from the reducing end of the hexose 
chum 

The method used by Haworth and Hirst was the study of the products of the 
methylation of cellobiose. They obtamed a heptamethyl methylcellobioside 
(melting-point 76° to 78° C.) of the formula (V ) — 


HOH GHjOMe 

—OH O OH 

I i I 

CH OMe — CH 

0 1 I 

CH.OMe CH.OMe 

I 0 1- 

— CH CH.OMe 

CHOMe —CHOMe 

CJHg.OMe I 

HjOH 

V. 


-CH.OH CH..OMe 

I I 

CH OMe CHOH 

0 I I 

' CH.OMe — CH 

I + I 

- CH 0H.0Me 

I 0 I 

CH OMe CH.OMe 

1 1 

CHg.OMe — CH.0Me 

IV. III. 


Of the eight methyl groups in this compound protecting the hydrolysis, one 
IS easily eliminated, namely, that protecting the very labile reducing group of 
the biose. On the cleavage of the di-saccharide grouping, two or more hydroxy 
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groups are released, namely, the one participating in the union of the two hexose 
residues. When this was done in the laboratory, the products isolated were the 
butylene oxide forms (a) of trimethyl (formula III ), and (6) of tetramethyl 
glucose (formula IV ), the former being identical with that previously isolated 
from cellulose 

Hess (Ber , 1921, 54, 3232) prepared an acetylethyl derivative of cellulose 
by acetolysis of highly ethylated cellulose Upon saponihcation with sodium 
methylate he obtained an ethyl degradation product with no reducing power 
and incapable of swelling It was soluble in organic solvents, and its mole- 
cular weight was found to be from 800 to 900 This body associates in con- 
centrated solutions It contains, at most, four glucose residues, and is either 
a fourfold associated ethylglucose anhydride or a twofold associated ethyl- 
cellobiose anhydride. By treating cellobiose with acetyl chloride, Hess (Ber., 
1921, 54, 2867; J Soc Dyers and Col, 1924, p 18) obtained cellubiose 
anhydride — 

O 

CHj CHOH CH CHOH CHOH f'HO 

/ 

/ 

0 CH CHOH.CHOH CH CH CHaOH 

0 - 

which IS very similar to cellulose It is insoluble in water, but dissolves in dilute 
caustic soda and cuptammoiiium solution It can be fermented by specific 
bacteria Hess considers it to be the basis of cellulose 

A yield of only 37 to 43 per cent of cellobiose can be obtained, but Karrer 
considers that at least 50 per cent must be already present in cellulose He 
regards starch as being built up from tetra-amylose and, analogously, cellulose 
from dicellobiose anhydride, since the heats of combustion of cellnlu.se and starch 
are the same The cellulose molecule is, therefore, really small, (Ci 2 Hg„Oi„)g 
These diceUobiose anhydride molecules are symmetrically bound together, to a high 
degree, by crystal-valencies, which are almost as strong as the ])olymerisation 
valencies and the valencies within the cellobiose anhydride molecule, so that it 
will be difficult to find reagents which will break down the crystal without 
destroying the cellulose molecule or the cellobiose anhydnde complex. The 
latter are supposed to be arranged at the lattice points of the crystal system, and 
this himothesis is supported by the X-ray investigations of Herzog and Janke 
(Ber ,1920, 53, 2162). 

Laevoglucosan, CgH^gOj, was obtained by Pictet and Saiasin (J.S C.1 , 1918, 
49a) as one product of the dry distillation of cellulose under reduced pressure. 
Its struciJnre is represented by the formula 

OII.IIC CHOH 

I I 

HO — O — CH 
0— CH*— dlHOH 

The same compound ^as prepared also from starch and dextnn. These authors 
suggested that Isevog^cosan may be a product of depolymerisation of cellulose 
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01 , conveisely, that the cellulose molecule may consist of polymerised hevo- 
glucosan. 

Formulse suggested for Cellulose. — ^Many theones have been put forward 
to explain the constitution of cellulose, some of which are very simple and others 
as complex. 

Comparatively recently Hess, Weltzien, and Messmer (Annaien, 1924, 435, 
1-144) (from J Text. Inst., 1925, 44a) have shown that in cuprammonium- 
cellulose solutions there is a copper cellulose complex in which copper is present 
both in an optically active complex anion and also in amine cations As the 
result of detached experimental work the above authors conclude that, “ m 
cuprammonium solutions containing 5 28 molecules of copper per 100 litres, 
cellulose up to 15 molecules and 25 molecules of sodium hydroxide, the cellulose 
behaves as though it were CjHioOj.” 

The further conclusion is drawn, that cellulose consists of an association or 
aggregate of Cffr^gOs umts, that is, it is neither a polymende (m which the whole 
would have different physical and chemical properties from the units) nor a 
condensation product in the chemical sense. In other words, the authors support 
Green’s formula for cellulose and, in the bght of Irvine’s work, assume an ampho- 
teric molecule, with an oxygen bridge, carrying a positive and a negative charge, 
the umts being held together by residual affiiuty. On the evidence of X-rays 
each cellulose crystallite consists of an aggregate of four units, and the different 
profierties of different celluloses are explained on the assumption that in normal 
cellulose these crystallites are iii the most compact order, whereas their arrange- 
ment IS more and more haphazard m forms of greater solubility and lower 
viscosity. 

It 18 interesting to note that Green (J.S.C.I., 1904, p 382) did not consider 
that there were sufficient reasons for this assumption, and that cellulose was more 
probably represented by the formula OgHjgOg than by some multiple of it. He 
proposed the foDowmg formula . — 


CH(OH)-CH-CHOH 
)>o yo 
CH(OH)-OH-CHg 

This represents cellulose as an inner anhydride of glucose, CHgOH(C'HOH) 4 CHO. 

Somewhat similar simple formulse were suggested also by Vignon and Hibbert. 
These were — 


CH(OH)-CH -CHj 

> 

(’H(OH)-CH(OH)-CH 


CH 

\ 


CHg(OH) 

I 

-CH -0 


'■0 




\ 


\ 


\ 


Vignon 


\ 

CH(OH)-CH(OH)-CH 

Hibbert 


Irvine and Hirst (J.S.C.I,, 1923, 710a) have recently proposed a further 
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formula based upon a study of tnmethyl-cellulose, CeH 702 ( 0 CH 3 ) 3 , the hydrolysis 
of this body to a methylated glucose, and the condensation of this with methyl 
alcohol and hydrochloric acid gas. Trimethyl-cellulose when hydrolysed gave 
only one sugar, namely, 2.3.6 tnmethyl-gluoose. 

The simplest formula possible is 


OH.CH(OH)CH(OH)CH.CHCH3{OII) 
O 


But this would not yield a cellobiose. The above formula is a 1-5-anhydro- 
glucose, but the simplest structure which would be in conformity with the facts 
of their experiments would be a dianhydroglucose of the same unit structure. 
The authors consider that a grouping which would give a yield of 70 per 
cent of cellobiose is necessary, and surest the following formula as meeting 
these requirements, the letters in black type indicating potential reducing 
groups 


CH3OH I O 

— CH .O.CH CH CHOH CHOH CH 

I i 

CHOU I 

0 1 0 

1 CHOH 


'_CH 


/ 


CHO - CH CHOH CHOH CH.CH CH.OH 


CH 3 OH ' 0 


Herzog and Janke {Ber , 1920, 53, 2162) established the fart that cellulose 
IS krypto-crystalline, and, in fact, crystographically not lower than monoclinic 
and probably rhombic. They consider that, during the growth of the plant, the 
constituents of the cellulose are being placed m position Herzog and Pol any 
have used these results to determine the constitution of cellulose Four glucose 
residues are regularly repeated, and are to be regarded as lattice points, and they 
consider cellobiose to be the fundamental basis of the crystal Cellulose is built 
up either from a chain of four glucose residues or a ring clmin, 

C6Hi«0«-0-C,H3o03-0 

O-C^H^O^-O-OJIioCb, 

or from internal anhydrides of cellobiose. The latter agrees closely with 
Karrer’s results. Hence cellulose is considered to be a complex alcohol built 
up from cellobiose anhydride, though this does not account for the forma- 
tion of isosacchanc acid from oxycellulose (Tollens) nor of celloisobiose 
(Ost) 

The view of Pictet and Sarasin in connection with laevoglucosan has been 
mentioned. 
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Hess (/. Soc. Dyers and Col., 1924, p. 18) suggested that cellulose is a penta- 
glucobidylglucose with the formula 

I I 

, — CH.O CH.CHOH CHOH.CH CHOH CHgOH 


I CHO CH CnOH CROH CH CHOH CH^OH 


CH O Cn CHOH CHOH OH CHOU CHaOH 

-CH , 0 I 

CH 0 CH CHOH CHOU CH CHOH CHgOH 


CHj O CH CHOH CHOH CH CHOH CllgOH 

This IS regarded us representing the molecule of a degradation product of 
cellulose, hydrated or swollen cellulose, which may be termed “ eelluxose ” The 
celluxose molecules, by exercising residual aftinities, arrange themselves into the 
great cellulose molecule 

Hydrocellulose is one of the first products of the hydrolysis of cotton by 
means of acids. It was thought, origmaUy, that it was represented by the formula 
CijHjaOii or (C,Hi^ 05 )aH 20 , and produced in accordance with the equation 

2C,lIi,0s+H,0=C„Ha*0ii. 

Later work showed that when cotton is boiled with dilute hydrochloric or sulphuric 
acid, hydrocellulose is produced together with a sugar of the same reducing power 
and oiiticdl activity as dextrose Prolonged hydrolysis conveits the former 
substance into a dextrose— 

3C,H„Oo4 2HaO=C«HggOiH C^Hi^Oe, 

CiaH2j,Oji+ HgO— 2 CjHj20(| 

Stern (J S.C.I , ] 904, p. 265) showed that when dilute acids act upon cellulose, 
so as to produce hydroceUulose, there is no gain in weight, as would be required 
by the usually accejited formula C'^jH^jOn, but an actual loss At the same time 
a srii.'iU amount of soluble matter, probably glucose, is formed The elementary 
composition of the residual powder is identical with that of cellulose, and he 
concluded, therefore, that under these conditions a hydrated cellulose is not 
formed. Schwalbe considered that hydrocellulose is represented by the formula 
(^eHioOgljHjO, while Stern suggested (CjHjoOglyHgO. 

Closely related to hydrocellulose is the product formed by the action of alkalis, 
also represented by the empyncal formula (C 6 HiB 05 ) 2 Hg 0 . This body is produced 
during the process of mercerisatioB (Chapter IX). It difiers from hydrocellulose, 
prepared by acid hydrolysis, in certain important respects. Hydrocellulose 
produced by acids causes destruction of the cotton fibre and consequently tender- 
ing. That obtained by the action of alkalis, on the contrary, increases the tensile 
strength very greatly. Cotton which has been tendered by the action of acids 
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can be strengthened by treatment with alkalis. Schwalbe considers that this 
form of hydrocellulose is represented by the formula (C«HjgO()jHgO. 

Cross and Bevan and others also hold that hydrocellulose is a definite chemical 
compound, rel 3 ang chiefly on its different action with chemical reagents and 
solvents. 

Hess and Wittelsbach {J.SGI , 19^), 512a) suggest that the molecule of 
hydrocellulose, for which the name relluxose is proposed, consists of a dextrose 
or a cellobiose molecule m which the hydroxyl group.s are ethenfied by dextrose 
or cellobiose residues The formula 

CH(OX) CH(OX).CH(OX) CH CH(OX).CH,(OX) 

0 — 

in which X represents the residue 

-CH CH(OH).CH(OH) CH CH(OH) CHg(OH) 

0 

is in closest agreement with the proportions of cellobiose acetate (fi-2 grammes) 
and pentacetyldextrose (12 grammes) obtained from cellulose (10 grammes) by 
acetolysis 

Cellulose is itself taken as a condensation product of a number of these 
celluxose groups, assunung that the umon between the celluxose molecules must 
be through the residual valencies of the hydroxyl groups. In acid hydrolysis 
degradation to celluxose takes place, and the jiroduct obtained is a derivative 
of this substance and not of cellulose But, on the other hand, many chemists 
are of opinion that hydrocellulose is not a definite jiroduct, but is to bo regarded 
rather as an adsorption oomjiound of cellulose with its products of hydrolysis 
This view IS held by Hauser and Herzfeld {J S C /., 15)15, l()48) and Schwalbe 

and Becker {JSC I, 192(1, 512a), all of whom are of opinion that hydro- 
cellulose IS a mixture of cellulose with bodies which they term cellulose dextnns. 
Hauser and Herzfeld, for example, extracted hydrocellulose in a Hoxhlet with 
boiling water, and found that the coppcr-reducing value of the washed residue 
gradually fell while that of the extract increased Dextrose was identified in 
the latter Hence they suggest that hydrocellulose is an adsorption compound 
of variable compo.sitiou due partly to interpenetration of the cellulose by gelatin- 
ised products of decomposition 

Schwalbe and Becker {JSCI, 1920, 512a) investigated the action of the 
hydroxides of the alkaline earth metals on a number of hydrocelluloses They 
found that, m all cases, hydrocelluloses acted like mixtures of celluloses and their 
degradation jiroducts Hydrocelluloses which reduce Fehling solution, when 
boiled with lime or baryta water, give residues with practically no reducing action. 
These results are in agreement with those of Hauser and Herzfeld, namely, that 
hydrocellulose is composed of cellulose and cellulose dextrine produced by 
hydrolysis The lime water decomposes the latter with the formation of soluble 
calcium saccharmatc leaving the unchanged cellulose. 

But Ost and Bretschneider {J.S.C I., 1921, 654a) disagree with these 
results. Hydrocellulose made by Uirard’s metiiod and the cellulose, purified as 
for nitration purposes, had copper numbers of 6'69 and 2-05. After digestion 
for twelve hours with hme water, 24'4 per cent, of the hydrocellulose and 15'8 
per cent, of the cellulose had dissolved. The copper numbers of the undissolved 
residues were 0*91 and 0*61 respectively. The final residue from the hydro- 
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cellulose was similar to the untreated hydrocellulose, and was not cellulose since 
the viscosity of its solution in cuprammomum solution (after twelve hours at 
19° C.) was equal to the viscosity of a similar solution of the original hydro- 
cdlulose, but approximately only one-half of a similar solution of the purified 
cellulose Moreover, the residue, after digestion with lime water, gave on 
acetylation, under various conditions, a cellulose acetate with a solubility in 
acetone similar to that of the acetate of the original hydrocellulose, but much 
greater than that of the corresponding acetate made from the purified cellulose. 
Pnngsheim (Cellulonechemw, 1921, 2 , 67) agrees with Ost and Bretschneider 
that hydrocelluloses are definite substances, while J. E Minor (J S C.1 , 1921, 
175a) argues that the first stage in the decomposition of cellulose is the formation 
of mucilaginous soluble dcxtrins which are, at once, adsorbed by the cellulose 
yielding the aggregate termed hydrocellulose The whole question is rendered 
difficult of solution by the fact that it is almost imjiossiblc to prepare hydro- 
cellulose without at the same time obtaining some oxycellulose, nHiile some 
of the properties ascribed to it may be those of the adsorption compounds of 
cellulose with the acid used to hydrolyse it 

The Preparation of Hydrocellulose. — Hydroccllulose is produced when 
cellulose or cotton is treated with cold concentrated mineral acids. Further 
details of this action will be given later It is obtained also when cellulose is 
heated with a dilute solution of an acid, or even soaked for a long time in a cold 
solution The rate of the transformation depends upon (1 ) the hydrogen-ion 
concentration of the acid ; (2) the concentration of the solution used , (3) the 
temperature of the reaction ; (4) the presence or absence of air. 

Thus, if cotton be soaked in a cold dilute solution of sulphuric acid, the action 
18 extremely slow. But if after impregnation it be squeezed and exposed to the 
air the hydrolysis becomes more ra]Hd If cotton be boiled with dilute sulphuric 
acid hydrocellulose is produced fairly rapidly, while at temperatures above 
100° r the action is very greatly accelerated At a pressure of about 2 
atmos|)here8 mere traces of sulxihunc or hydrochloric arid cause almost comjilete 
hydrolysis, and when the cotton is dried it breaks down into a jiowdery mass 
In the carbonisation of wool, the material is impregnated with a 5 per cent, 
solution of sulphuric acid, dried at a low temperature, and then heated to a 
temperature of from 70° to 100° C for two hours. This converts the vegetable 
fragments into hydrocellulose which can be either washed or shaken out of the 
wool As httle as one part of hydrochlonc acid (or sulphuric acid) in 10,000 parts 
of cotton will, if dried m, gradually transform it into hydrocellulose. 

For experimental purposes the following methods are suitable Girard’s 
{J S.C.1 , 1922, 458a) method consists of soaking viscose or cotton in a 3 per 
cent solution of hydrochlonc acid, jiressing the solution out, till that retained 
IS equal in weight to the weight of witton, drying by exposure to air, and then 
heating in a closed vessel at 70° C for four hours In Lederer’s process, air-dry 
viscose cellulose is heated with 98 per cent, acetic acid containing 0-25 per cent, 
of hydrochloric acid, the acetic acid actmg simply as a distnbuting agent. 

Enoevenagcl and Busch (ibid.) recommend the following as the most con- 
vement method. The air-dry cellulose or viscose is treated with dry hydrogen 
chloride in a closed evacuated vessel at ordinary temperature. The percentage 
of acid absorbed corresponds with the amount of moisture in the cellulose, and, 
by regulating the degree of humidity and the time and temperature of the reaction, 
the conversion can be so controlled that a product completely soluble in 8 per 
cent, sodium-hydroxide solution is obtained which is precipitated, substanti^y 
without loss, on acidifying the solution. With viscose cellulose of normal 
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humidity (11 per cent.), the reaction at ordinary temperatures requires about 
twelve hours , with lower humidity a longer time is necessary, and with excessive 
moisture the reaction may proceed too far, giving low yields. The conversion 
into alkali-soluble hydrocellulose does not take place if the cellulose be dried 
completely. Only cellulose modified or hydrated in certain ways is capable 
of forming the alk&h-soluble product. Viscose cellulose yields it most readily. 
With cellulose regenerated by the sapomfication of cellulose acetate, the solu- 
bihty of the product is only one-tenth of that of hydrocellulose produced from 
viscose. Gaseous hydroiluuric or hydrobronuc acids act in the same way as 
hydrogen chlonde. 

Heuser and Eisenring {J.S.G 1 , 1923, 649a) treated viscose cellulose, contain- 
ing from 8‘3 to 11 -8 per cent of moisture, by the method of Knoevenagel 
and Busch, and obtained a product soluble in 8 per cent, sodium-hydroxide 
solution and reprecipitated almost quantitatively by alcohol. With larger 
quantities of water the hydrolysis was more profound, and the product gave, 
when partially hydrolysed, increasing quantities of dextrose Hydrocellulose 
from viscose, completely soluble in caustic alkali, gave when completely hydro- 
lysed over 90 per cent of fermentable dextrose. The substance precipitated 
by alcohol from the solution of viscose hydrocellulosc in strong caustic alkah, 
and washed to exhaustion with absolute alcohol, has a composition corresponding 
to the formula 2NaOH. They prepared, also, a similar alkali-soluble 

hydrocellulose by heating viscose cellulose in a sealed tube with oxalic acid 
(8 to 16 per cent.) at 100“ C. for from one and a half to twelve hours. 

Naturally, acid salts, and salts which dissociate iii aqueous solution, act in a 
similar manner to acids, though less rapidly on account of their different hydrogen- 
ion concentrations 

The action of weak acids such as organic acids is also determined by their 
hydrogen-ion concentration, and also by their volatility Oxalic acid which is 
not volatilised tenders cotton readily when dried into it or heated. Acetic 
and formic acids have much leas efiect 

Jentgen {J. Text Inst , 1923, T. 70) distributes the acid or salt of the acid 
with a weak base through the cellulose by means of a iion-dissociating solvent 
such as glacial acetic acid, ether, amyl acetate, formic acid, or glycerol He 
suggested that, in the production of hydrocellulose, the acid enters into associa- 
tion with the cellulose by adsorption, and that hydrolysis proceeds by the action 
of finely divided water on the adsorption compound, the acid actmg as a contact 
agent. If moisture be rigorously excluded no hydrolysis takes place, and the 
cellulose can be recovered quantitatively by washing the adsorption compound. 
This, however, appears to be simply a restatement of the fact that acids can only 
become ionised in the presence of water 

Hydrocellulose can be prepared also by the prolonged heating of cellulose 
with steam at a pressure of from three to four atmospheres. 

The Properties of Hydrocellulose. — Hydrocellulose is more readily affected 
by heat than cellulose. It begins to become yellow at about 130° C., while cotton 
is not changed till 150° 0 is reached. It dissolves more readily in solvents 
such as Schweitzer solution than ordinary cellulose. It has a greater affinity for 
basic dyestuffs, such as methylene blue, than ordinary cellulose, and a decreased 
affimty for diamine sky-blue, a direct dyestuff. This decreased affinity is not 
affected by boiling with sodium hydroxide. This forms the basic of ^echt’s 
test, described later. Hydrocellulose reduces Fehling solution. This reducing 
action is measured quantitatively by means of Schwalbe’s copper value (described 
under oxycellulose). The copper value of cellulose is not more than 0*2. For 
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hydrocellulose it varies from about 3*5 to 10*5 according to the degree of 
hydrolysis. 

The alkali-soluble form, described above, is said to have a copper value 
of 14 which is practically the same as that of oxycellulose. But according to 
the experiments of Hauser and Herzfeld, quoted above, this is only due to the 
formation of dextrose. When hydrocellulose is boiled with milk of lime calcium 
isosaccharate is produced together with other products. Briggs (Ghem. ZeU., 1910, 
34, 465) found that hydrocellulose adsorbs more alkah from solution than cellulose, 
and adsorbs more from an alcoholic than from an aqueous solution. 

Hydrocellulose is also transformed into esters more readily than cellulose. 
The alkali-soluble form was found by Knoevenagel and Busch to be exceptionally 
amenable to benzoylation and acetylation It formed a tnbenzoate completely 
soluble m chloroform. It gives certain colour reactions, most of which are common 
to oxycellulose and will be described later 

Oxycellulose, CjgH^tOjg, is formed when cellulose is acted upon by an oxidising 
agent, nr by acids or alkalis in presence of air, with or without the assistance of 
certain catalytic agents such as the oxides of iron or copper. Nitnc acid, per- 
manganates, bichromates, peroxides, persulphates, hypochlorites, chlorine, and 
other similar oxidising agents all have the power, under suitable conditions, of 
changing cotton or cellulose into oxycellulose. In the bleaching of cotton, by means 
of bleaching-powder solution, the residual colouring matters are attacked first and 
protect the cellulose from oxidation. If, however, too great an excess of chlorine 
ho present or other unsuitable conditions obtain, the reaction proceeds further and 
the cotton becomes “ overbleached,” % e partly converted into oxycellulose. 

Preparation of Oxycellulose. — Cross and Bevan found that nitric acid of 
from ]•! to 13 specific gravity attacks cellulose, at first slowly, and afterwards 
more rapidly, but tending to reach a limit at which the action again becomes slow 
This action is accompanied by the formation of oxycellulose, the limit corre- 
sponding with a body of the composition CjgHggOxg This is a white flocculent 
substance which amounts to 30 per cent of the cotton treated, the remainder 
being oxidised to simpler compounds such as oxalic and carbonic acid. It 
combines with water, forming a gelatinous hydrate, and dissolves in a mixture of 
nitnc and sulphuric acids. When the solution is poured into cold water a nitrate 
separates out having the composition CjgHggOislNOglg 

Nastukoff (J SC 1 , 1902, p. 63) obtained a much higher yield amounting 
to 90 per cent of the onginal cellulose by the following jirocess. A quantity of 
nitric acid, of 1 3 specific gravity, is taken equal to 2'5 times the weight of cellulose. 
The cellulose and nitnc acid are heated together for an hour on the water-bath. 
The resulting oxycellulose is soluble in ammonia and is termed by the author 
/3-oxycelluloae If larger proportions of nitnc acid are used lower 3 aelds are 
obtained, and corresponding quantities of oxalic acid are produced. By the 
action of bleaching powder on cellulose, NastukofC obtained a different variety 
which he calls y-oxycellulose. 

^-oxycellulose combines with barium to form a salt containing about 5 per 
ceut of the metal, while the corresponding salt of y-oxycellulose contains only 
1 per cent. The salts of /S-oxycellulose and the substance itself are hard, whilst 
y-oxycellulose and its compounds are brittle. A solution of the sodium salt of 
y-oxycellulose gives a lustrous film on evaporation, whilst /3-oxycellulose gives 
none Films may bo obtained by evaporation in a desiccator, but of a total^ 
different kind. .The salts of jS-oxycellulose have considerably less solubility after 
drying at 80° to 110° C , whereas the solubility of the salts of y-oxycellulose 
IS not altered by drying. 
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Knecht and Thompson ( J. Snc. Dyers and Coh, 1920, p. 251) have described 
a method of preparation by means of which a yield of 94 to 95 per cent, of 
oxycellulose is obtained For this 30 grammes of filter-paper are pulped in 
600 to 900 c e of 15° Tw. caustic soda. The pulp is thinned with water, mixed 
with a slight excess of dilute sulphuric acid, filtered and washed. The washed 
residue is susiiended in from 600 to 900 c c of dilute sulphuric acid (10° Tw.) and 
mixed thoroughly A solution of 12 grammes of potassium permanganate in 
dilute sulphuric acid (10° Tw ) is then added slowly by means of a tap funnel with 
constant stirring The addition of the permanganate should take from one to two 
hours, and the solution should be completely decolorised in four hours from 
the commencement of the experiment. The sulphuric acid has no action on the 
cellulose under these conditions The quantity of permanganate %sed gives one 
atom of oxygen for each CgHj^Og molecule As the oxidation proceeds the pulp 
18 gradually disintegrated, becoming finally a fine brown precipitate, the colour 
being due to oxide of manganese. The precipitate is filtered o5, washed, and 
treated with hydrogen peroxide and dilute sulphuric to dissolve the oxide of 
manganese The culourless oxycellulose is then filtered ofl, washed, and dried at 
a low temperature. 

Oxycellulose is also produced by alkaline oxidation of cotton Thus, if cotton 
be boiled with sodium hydroxide and a stream of air pressed through the boiling 
liquid, it IS converted gradually into oxycellulose Peroxides in alkaline solution, 
or jiermanganates, produce the same result Even prolonged exposure to air 
IS capable of bringing about the change, particularly in the presence of oxygen 
carriers such as traces of a copper salt. Lloyd {J.SC 1 , 1910, p 1450) found 
that salts of copjior, cobalts, manganese, nickel, iron, and, to a small extent, 
chromium, all assist in the formation of oxycellulose, the action reaching a 
maximum, in the presence of moisture, at 50° (1 

The authors have examined cotton goods after exposure to a trojiical sun 
which had become transformed almost completely into oxycellulose in jiatches 
In each of these oxidised portions di.stmct traces of copper were found 

The constitution of oxycellulose is uncertain (Jross and Revan, owing 
to the fact that they could obtain only a yield of 30 per cent , suggested that a 
portion of the cellulose molecule is of a more resistant nature than the rest, but 
that it was always the same substance Faber and Tollens {J SC. t , 1899, 
p 1014) regard it as a mixture or a chemical compound of cellulose with a more 
highly oxygenated body which they term eelloxm, CjHjqOj or CjHgOg, and which 
is the true oxycellulose not yet isolated They conclude that one such celloxin 
group IS present with from one to four cellidose CgHmOg groups. Their oxy- 
eellulose yielded, cm boding with hme water, an insoluble residue of cellulose, 
and a dark solution from which saccharic and dihydroxybutyrie acids were 
isolated 

NastukofF, as we have seen, regards oxycellulose as being of three different 
types according to the method of preparation differing in solubility, and which 
he designates y-, /?-, and a- oxycellulose respectively. 

Other chemists are inclined to the view that oxycellulose is an adsorption 
product of cellulose with its products of hydrolysis or oxidation. Thus Harrison 
( J. Soc Dyers and Col., 1912, p. 359) contends that this is so These adsorbed 
products are probably of an aldehydic nature in hydrocellulose and acidic in 
oxycellulose 

Oertel {JSC /., WIS, p 595) obtained a variety of oxycellulose by electro- 
lysing a solution of potassium chloride containing cellulose in suspension The 
cellulose was attacked gradually and converted into soluble products When 
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about 60 or 70 per cent, had been dissolved, the residue, which consisted of 
oxycellulose, dissolved in a 10 per cent, solution of sodium hydroxide From a 
study of this compound, Oertel concluded that oxycellulose prepared by this 
method is an oxidised derivative of hydrolysed cellulose with a composition 
ranging from (CjHio 05),0 to {CgH,o 05 )ioO 

Bancroft and Currie {J.S C.I., 1915, p. 274) hold that oxycellulose is always 
the same product, in a qualitative sense, in whatever way it is prepared, and, 
having failed to convert the whole of the cellulose into oxycellulose in a single 
operation, they doubt whether pure oxycellulose has ever been prepared. Accord- 
ing to their experience, oxycellulose is partly soluble in dilute alkali hydroxides, 
with a yellow colour, on heating. The residue is simply unoxidised cellulose 
The dissolved substance is precipitated by alcohol or acid and, after dialysis, it 
IS readily soluble m water They regard this soluble substance as true oxy- 
cellulose, which may be a homogeneous substance. The distinctions made by 
Nastukoff between a-, /3-, and y oxycelluloses do not exist The so-called a-oxy- 
celluloae is simply unattacked cellulose more or less contaminated with its 
decomposition products , p- (alkali-soluble) and y (water-soluble) oxycelluloses 
are the same substances in different states of aggregation. The copper-reducing 
power of oxycellulose is probably not characteristic and may be due to the presence 
of other decomposition products This jiroperty disappears on prolonged heating, 
without any change in the other essential characteristics of the oxycellulose. 

Schwalbe and Becker (J SCI, 19^1, 512a) are also of opiniou that oxy- 
celliilose, however prepared, is simply a mixture of unchanged cellulose with its 
degradation prodiuts 

Whatever the composition of oxycellulose may be, it is, however, generally 
agreed that it contains both ketone or aldehyde and carboxyl groups Further 
coufirmation of this is found m a paper by Knecht and Thompson {J Soc Dyers 
and Col , 1922, p 132) They showeil that in the initial stages of oxidation of 
cellulose the rise in the copper value is great For very small quantities of 
oxj’gen (as permanganate) it is almast pToportional to the amount employed 
After about one-fourth of an atomic pro^iortion of oxygen has been used, the rise 
m the co]tj)er value is less ra])id, an<l after one half, very gradual The method 
employed wa.s to treat ('otton with cold sulphuric acid containing calculated 
amounts of perni.uiganate 
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The authors conclude from these figures that in the early stages the oxygen is 
employed chiefly to produce or liberate aldehyde or ketone groups The fact 
that the formation of these groups, as measured by the copper number, does not 
increase proportionally as the oxidation proceeds, indicates that oxidising action 
IS not simply conversion of hydroxyl into aldehyde groups. Probably carboxyl 
groups are also produced. This view is supported by the fact that the product 
of drastic oxidation of cellulose is laigely soluble in sodium hydroxide. The 
ester reactions of oxidised cellulose prove that this acidic property is not due 
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to an increase in the number of reactive hydroxyl groups. It seems from these 
experiments that the composition of oxycellulose is variable, the proportion of 
aldehyde and carboxyl groups dependit^ upon the extent of the oxidation 

Schwalbe and Becker (J.8.C.I., 1921, 807a) arrived also at a similar con- 
clusion, namely, that oxycelluloses vary in character from those in which the 
aldehyde groups predominate to those where acid groups are in excess. 

According to Birtwell, Clibbens, and Ridge (J. Text Inst , 1925, T. 13), the 
t 3 rpe of oxycellulose produced in bleaching depends chiefly upon the acidity or 
alkalinity of the h 3 rpochlorite solution used. On the alkaline side of the neutral 
point the acid groups predominate, and the product is characterised by solubility 
in sodium hydroxide, a high affinity for methylene blue, and comparatively low- 
reducing power indicated by the copper number When the reaction of the 
hypochlorite solution is on the acid side of neutrality, carbonyl or reducing 
groups predominate, and the product has a small affinity for methylene blue 
and IS not so soluble m alkali, but has a greater reducing power indicated by the 
high copper number 

Properties of Oxycellulose. — Oxycellulose is a white substance which 
gradually becomes yellow or brown when exposed to air. This change takes 
place rapidly under the influence of steam or dry heat. Accorrling to Muller 
{J. 8ic Dyers and Cal , 1922, p 209), hydroccllulose begins to turn yellow at 
130° to 140° C. and scorches at about 150° C Oxycellulose does not become 
yellow till 150° C. are reached, whilst cotton requires a temperature of 180 0 
The presence of oxycellulose on cotton always causes considerable loss of strength 
or tenderness, and owing to the action of air gradual loss of colour 

Owing to its acidic nature oxycellulose has a marked affinity for basic dyes, 
such as methylene blue and safranine, absorbing these rapidly from a cold solution. 
It has also a greater affinity for direct dyes than cotton It dissolves in alkalis, 
the solution becoming yellow on wamung But the solubility vanes with the 
method of preparation, depending upon the degree of hydrolysis and oxidation 
of the original cellulose Knecht’s oxycellulose gives an intense yellow colour 
when boiled with N/lOO sodium hydroxide, whilst with a 5N solution the colour 
IS produced in the cold 

Oxycellulose, compared with cotton, yields a relatively large amount of 
furfural when distilled with hydrochlonc acid of 1'06 specific gravity This 
can be estimated m the di.stillate by treatment with phenyl-hydrazin, which 
converts it into an insoluble hydrazone Vignon obtained the following quantities 
of hydrazone jier KX) grammes of material Bleached cotton, 1-8 , oxycellulose, 
2-1 to 3 5 The reaction is, however, not very distinctive, being shared to a 
considerable extent by other carbohydrates. 

Oxycellulose is hydrolysed easily by acids. Vignon {JSC /., 1900, p 1103) 
found that when oxycellulose was boiled for six hours with dilute sulphuric acid 
it gave more than four times as much sugar as the same weight of cotton The 
actual yield calculated as dextrose from the copper value was — 
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The most interesting properties of oxycellulose arc those associated with its 
aldehyde nature It acquires a deep yellow colour when soaked m a solution of 
phenyl-hydrazin in acetic acid Knecht’s oxycellulose assumes at once a magenta 
colour when placed in Schifi’s decolorised magenta solution. When heated with 
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a solution of potassium ferricyamde oxycollulose reduces some of the ferric to 
ferrous iron, and a precipitate of Prussian blue is produced. The reaction will 
take place also in the cold 

When methylene blue is heated with oxycellulose, in the presence of sodium 
hydroxide, the dye is reduced to the colourless leuco-compound. According 
to Knecht, an ordinary vat of soluble reduced indigo may be prepared in the 
a.ame way Owing to this projierty of reilncing dyestuffs to their leuco-compoiinds, 
oxycellulose may exercise an im])ortant effect in dying Knecht (J Soc. Dyers 
aiid Col , 1921, p 76) records the following experiments’ A known weight of 
oxycellulose ponder was heated with a solution containing excess of dyestuff 
for one hour under a reflux condenser, in the presence of sodium hydroxide The 
solution was then filtered and the dye remaining m the filtrate determined by 
titration In some cases the dyestuff destroyed by the oxycellulose was more 
than that necessary to produce a full shade in dyeing, but the oxycellulose 
remained iindved although its copjier value was reduced from 11 to 0-9 Direct 
cotton colours, like primulme, which are not affected by reducing agents, dye the 
oxidised cellulose inimedintcly 

But the most importanf. of the ])roperties of oxycellulose is its reducing action 
on Fchling solution This, of course, is owing to the jiresence of CO groups 
If over-ble.iched cotton, coiitaiiiing oxycellulose, be boiled with Fehling solution 
for .ibout ten niiniites it becomes red, owing to the de])osition of cuprous oxide, 
while more ot the preipntated oxide will be found suspended in the liquid. If 
the expeniiient be carried out quanfitativelv under standardised conditions, a 
tnerisiire of the degree to which the cotton has been oxidised can be obtained. 
This IS peril.! (IS the most important determination in the analysis of cotton or 
cellulose It is known as the determination of the “ copper number ” 

The Copper Number. -This is defined as the weight of cojipcr reduced 
from the ciqinc to the cujirous state bv 100 grammes of the material, under 
stiiidard conditions Pure cellulo.se has an insignificant copper number, never 
exceeding 0,6 For Knecht’s oxycellulose the number is I4’2 Oxidised cotton 
may give, therefore, ,iny v.alue between 0'5 and 14’2 according to the degree of 
oxidation According to Clibbens and Geake (J Text fw-st , 1924, T 27), 0-2 may 
be regarded as the m.iximum v.iliie for well-bleached goods 

The method w.is suggested, first, by Schwalbe His methdd (J S C 1 , 1907, 
() 54S) IS as follows Two portions of about 3 grammes each of the material are 
weighed One (lortion serves for the determination of the dry substance. The 
other IS cut into small (iieces, without drying by heat, and is placed in a flask, 
together with KK) c c of Fchling solution and 2(K) c c of water. The contents 
of the flask are boiled under a reflux condenser for fifteen minutes, with frequent 
agitation The time of boiling is measured from the commencement of ebulhtion 
The hot liquid is then filtered by the aid of a pump and the residue containing 
the cujirous oxide is washed with boihng water The cuprous oxide is then 
dissolved m nitric acid and the copper determined by a suitable method, prefer- 
ably electrolytic From the weight of copper obtained the “ copper yalue,” t e 
the percentage of metallic copper on the dry material, is calculated. Schwalbe 
gives the following copper values for various normal and altered celluloses — 
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Schwalbe’s method has one disadvantage Cellulose adsorbs copper from 
FchJing solution, which is difficult to remove by washing with hot water. The 
adsorbed and unreduced copper must be determined and deducted from the 
copper value given by Schwalbe’s method. This may be done by treating a 
similar piece of cotton with cold Fehhng solution. The sample is then washed 
with boiling water and the residual copper estimated It is assumed that the 
amounts of copper adsorbed from cold and boiling Fehling solution are identical, 
though the assumption cannot be proved. 

Knecht and Thompson’s method {J. Soc Dyers and Col , 1920, p. 255) avoids 
these difficulties completely The cuprous oxide is dissolved in an acidified 
solution of a ferric salt, c g. iron alum, when it reduces its equivalent of iron. The 
ferrous salt thus produced is then titrated with standard permanganate solution. 
The following procedure is recommended . The boiling with Fehling solution is 
carried out as in Schwalbe’s method The liquid is then decanted through a 
Gooch filter and the residue washed with hot water The filter and its contents 
are then transferred to a vessel containing from 1 to 2 grammes of iron alum 
dissolved in dilute sulphuric acid and stirred till the cuprous oxide is dissolved. 
The solution is then filtered and the residue washed The ferrous sulphate m the 
filtrate is now titrated with dccinormal permanganate solution Dry oxycellulose, 
treated in this manner, gives a copjier value of 14-2 

When oxycellulose is boiled with sodium hydroxide it is decomposed with 
the formation of bodies having no reducing action on Fehling solution. It is 
possible that this occurs to a certain extent when it is boiled with Fehling solution. 
The same authors have suggested an alternative method of estimation in which 
the oxycellulose does not come into contact with boiling sodium hydroxide 
solution It depends upon the precipitation of cuprous thiocyanate The 
copper solution used is made by dissolving 100 grammes of anhydrous sodium 
carbonate and 125 grammes of potaa.sinm thiocyanate in about 8(X) c c of water. 
A solution of 18 grammes of crystalline copper suljihate is then added and the 
solution made uji to I litre The cotton is boiled with this reagent with the 
addition of some sodium carbonate The mixture is filtered and the precipitate 
and rc.sidual cotton washed The washed residue is warmed with semi-normal 
sodinin-hydroxide solution, and the cuprous hydrate formed is filtered and washed 
till free from thiocyanate The filter and its contents are then treated with iron- 
alum solution and titrated as in the previous process 

A rather similar method, due to Braidy, is also described by Koehler and 
Marquc^Tol (J SC 1 , 1922, 323a) In this the cotton is simply heated with a 
mixture of copper sulphate and sodium bicarbonate, the precipitated cuprous 
oxide being dissolved with feme sulphate and titrated with permanganate 

This method has been investigated very carefully, in comparison with those in 
which Fehling solution is used, by Clibbens and Geake {J. Text Inst , 1924, T 27), 
and IS recommended as avoiding — 

1 The error due to adsorbed copper. 

2 That due to anti-reduction of Fehling solution when boiled. 

The following details of Braidy’s method are taken from the paper of Chbbens 
and Geake — 

The following solutions are required . — 

(«) A hundred grammes of pure crystalline copper sulphate dissolved in 
1 htre of water 

(h) Fifty grammes of sodium bicarbonate and 350 grammes of crystalhsed 
sodium carbonate dissolved in 1 htre of water. 
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(c) A solution containing 100 grammes of iron alum and 140 c c. of con- 

centrated sulphuric acid per litre. 

(d) Standard N/25 potassium- permanganate solution. 

Immediately before use, 5 c.c. of solution (a) are^un from a burette into 95 c c. 
of solution (b), the mixture is raised to the boiling point and poured over 2-5 
grammes of the material to be tested contained in a conical flask of a capacity 
only slightly more than 100 c c The cotton is distributed through the liquid 
by means of a glass rod and any air-bubbles present allowed to escape. The 
flask IS then immersed in a constant level water bath which is kept boiling rapidly 
The flask should be immersed deeply in the water and care taken to cover the 
top of the bath sufficiently to prevent cooling of the reaction mixture by currents 
of cold air The flask is allowed to remain in the boiling water for exactly three 
hours, the contents then filtered with suction, and the cotton, impregnated with 
the cuprous oxide, is washed, first with dilute sodium-carbonate solution and then 
with hot water 

The cuprous oxide is then dissolved, by treating the cotton on the filter with 
15 c c of solution (c), and then by another 10 c c , and a third 10 c c if necessary 
The cotton is then washed with 2N sulphuric acid, and the combined filtrates and 
washings are titrated with staiidanl potassium permanganate solution, approxi- 
mately N/25, corresponding to about 2-5 mgm of reduced copper per cubic 
centimetre The end-point is sharp and stable 

For acciir.itc results the details must be followed carefully, and neither more 
nor loss than 2 5 grammes of cotton should be u.sed 

Kauffniann (J Soc Dyern apd Col., 1924, p 128), in an attempt to find a 
quicker and more reliable method of determining the degree of oxidation of 
cellulose, tried to modify the qualitative reactions of this substance in such a way as 
to permit of their quantitative ajiplication. With the majonty of these reactions, 
such as the varying intensity of colour obtained on dyeing with methylene blue, 
of the yellow colour obtained with phcnyl-hydrazin, and of the blue coloration 
produced by the reduction of indanthrene yellow to dihydroflavnnthrene hydrate, 
the effect of the different mechanical conditions of the materials prohibited their 
application Although the use of an ammoniacal caustic alkaline silver solution 
appeared to be capable of quantitative application, the results obtained by another 
method were so favourable that the modification of this reaction was not 
continued 

The new method consists in boiling the cellulose with aqueous caustic .soda, 
and subsequently determining the quantity of permanganate required to oxidise 
the organic matter present m the solution so obtained The process finally 
adopted was as follows The sample (!•() gramme of fabric) was boiled for thirty 
minutes with J50 c c of cau.stic soda of 7 4^ Tw with frequent addition of dis- 
tilled water to conserve the volume. This liquor, and the water in which the 
sample was well washed, were transferred to a 500-c.c measuring flask and 
diluted to the mark , 1(X) c c of this solution (50 c c when using highly oxidised 
celluloses) were acidified with 25 c c 10 per cent sulphuric acid mixed with 
10 c c N/10 permanganate and boiled for ten minutes On cooling to 70° C' 
excess of oxalic acid was introduced, and finally permanganate was added until 
a faint pink colour was obtained The total volume of permanganate, less the 
equivalent of the oxalic acid, gave the quantity of permanganate used 
^ This treatment did not account for all the oxidisable matter in the cotton, 
and it was necessary to repeat the process until the quantity of permanganate 
reqmred was constant This amount of permanganate was found to be required 



116 


BLKACHINO AND FINISHING OF COTTON. 


by the oxidisable matter extracted by the alkali from the cellulose itself, and 
was termed the base value This must bo subtracted from all results. For 
example, m one senes, the following results were obtained — 
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This volume of 25 .Ice was termed the permiinganate number When a constant 
volume of jiermanganate is required it is a certain indication of a pure cellulose, 
and even with samjiles which failed to show any of the usual qualitative tests 
for oxidised cellulose, results were obtained by the jiermanganate method which 
indicated a slight degree of oxidation 

Sizing must be removed from fabnes before subjecting them to this method 
of estimating the degree of oxidation, and for this purpose fats and waxes were 
removed by extraction with ether in the usual wav, and starcheji by steejmig 
for two hours in a 1 jier cent aqueous diastafor solution at 65° t' , followed by 
thorough washing m cold water, and sulssequent boiling with distilled water This 
brings about the complete removal of starch and diastafor, whilst neither this 
treatment nor the ether extraction affects the oxidised cellulose 

Ristenpart (J S.C 1 , 1924, 291 u) describes the following method of using 
methylene blue as an indicator for the quantitative determination of oxy 
eelliilose 

According to Ostwald’s notation, a matt surface of barium sulphate is used 
as a standard for “ normal white,” and 1(X) stages of grey are distinguished 
between this and black On this scale a commercial bleached cotton has a 
value of 70 to 80 degrees of white Damage during bleaching is indicated by 
increased affinity for methylene blue, and a comparison may be obtained in the 
form of a ratio, Q, between the degree of “ white ” of the original sample and the 
degree of “ white ” in the sample dyed with methylene blue If this ratio be Q 
in the bleached goods and Qu in the unbleached, then the methylene blue value 
IS expressed as the difference produced by blenching M=(Q— Qu)/Qu The 
dyeing is performed by treating 5 sq cm. of the fabric with 500 c c of a cold 
0-(X)l jier cent solution of methylene blue for ten minutes, rinsing, and drying 
in contact with a smooth surface, then determining the degree of “ white ” 
Practical trials with hypochlorite bleach showed that the methylene blue value 
increases with the concentration of chlorine, also with rise in the temperature 
of bleaching It is not increased by alkalinity of the bleach liquor and only 
slightly by acidity Cotton may be regarded as free from oxycellulose if its 
methylene blue value is less than 20. 

Further details about this test are given in Chapter XXIV. 
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The Identification of Hydrocellulose and Oxycellulose.— The identi- 
fication of these compounds is often of importance Unfortunately, the dis- 
tinction between the two is a matter of considerable difficulty This is particu- 
larly marked in the case of the products of the hydrolysis caused by drying 
mineral acids into cotton Before tabulating the vanous quantitative tests 
an important paper by Knecht and Thompson (J Hoc Dyers and Col , 1921, 
p 270) must be referred to They found that a twofold action takes place when 
dilute sulphuric acid is dried into cotton The cellulose is partly hydrolysed. 
This results in reduction of tensile strength, and there is a fixation of some of the 
acid in the fibre which acts as a mordant for basic dyestuffs When 1 per cent 
sulphuric acid is dried into cotton both of these actions take place The cotton 
becomes tendered and acquires a great afiinity for methylene blue, rhodamine B, 
crystal violet, etc even after prolonged washing with water or alkali But it 
has a decreased affinity for direct dyestuffs, particularly diamine sky-blue The 
increased affinity for methylene blue does not depend upon the degree of tender- 
ing Cotton boiled for an hour with 0 5 per cent sulphuric acid has a diminished 
tensile strength, but its affinity for methylene blue is not increased but is slightly 
less than that of the unboiled cotton No sulphuric acid is fixed When cotton is 
tendered by the jirolonged action of dilute acids without allowing the acid to 
concentrate, theie is no increased affinity fir basic dyestuffs But when the 
add is allowed to dry into the cotton (te to concentrate) in the presence of air 
ovid.ition take s place, and this is accompanied by an increas^ affinity for 
methylene blue Further, the treated cotton has a marked affinity for the leuco- 
( onipounds of such colours as methylene blue, but the affinity of oxycellulose is 
only slight The products of the action of sulphuric acid on cotton differ, 
theicfoie according to whether drying m and oxidation occur or not 

'these products may be distinguished by means of diamine sky blue after 
treatment ot the cotton with sodium hydroxide solution Both sulphuric acid 
treated and oxidised cotton resist dyeing with diamine sky-blue But, after 
boiling with a 5 per cent solution of sodium hydroxide, the oxidised cotton (i e 
oxycellulose) takes up the dyestuff, while the cotton treated with acid without 
drying does not That is, cotton which has acquired an increased affinity for 
methy lene blue and has a decreased affinity for diamine sky blue, after treatment 
with sulphuric acid, does not contain oxidised cellulose but sulphur which is not 
removecl by washing with boiling water or alkali Tendering which is unaccom- 
panied by ail increased affinity for basic dyestuffs may be caused by (1) hydro 
chloric acid, or (2) the prolonged exposure to hot dilute sulphuric acid without 
drying 


Qualitative Tests for Hydrocellulose and Oxycellulose. 

1 Aotioii of Heal — Cotton which is free from hydro or oxy cellulose may be 
heated to a temperature of from 130° to 150° C without undergoing any alteration 
in colour But according to Justin Mueller [J SCI, 1922, 9a), hydrocellulose 
becomes brown and oxycellulose pale yellow at those temperatures 

2 Fretherqer's Test — The material is treated with a solution of sodium 
ricinoleate and steamed In the presence of oxycellulose a yellow colour is 
produced, the*depth of which is directly proportional to the amount of oxy- 
cellulose present 

3 Methylene Blue Test — Both hydrocellulose and oxycellulose are character- 
ised by the power of absorbing basic dyes from a cold aqueous solution Cotton, 
on the contrary, has no affimty for these colours. If the cotton is soaked m a 
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cold aqueous solution of metliylene blue or ssfranine and then washed it will 
remain coloured if oxycellulose is present, and the depth of the colour gives some 
indication of the amount of oxycellulose The colour is removed by boiling with 
water The test requires some experience, since all the bleached cotton has an 
increased affinity for dyes 

4. Knapp’s test depends upon the increased affinitv which cotton containing 
oxycellulose has for the direit or substantive dyes The material is dyed by 
boiling with a solution of benzo-purpunn This dye is very sensitive to acids 
The dyed sample is placed in a beaker with some distilled water and treated 
with dilute hydrochloric acid till the shade becomes blue It is next rinsed 
with hard water to neutralise the acid, when the red colour reappears on the 
cotton Oxycellulose, however, remains blue-black in colour 

5 Knecht’s test, which is somewhat similar in principle, has also the advantage 
of distinguishing between hydro- and oxy-eelhilose Both of these compounds have 
a decreased affinity for direct dyes such us diamine sky-blue If a sample of the 
cotton when dyed with a solution of tlus dye shows patches which resist the dye, 
then it may le concluded that either hydroc-ellulose or oxycellulose is present, 
or that both are A fresh sample' -of the cotton is now boiled in a 5 per cent 
solution of sodium hydrate, washed, and dyed as before with diamine sky blue 
Oxycellulose now absorbs the dye, but hydroccllulose either does not or has a 
decreased affinity That is, cotton which has an increased affinity for methylene 
lilue, and, after boiling with sodium hydrate, a decreased affinity for diamine 
sky-blue, cannot contain oxycellulose 

6 Ermen's Test — A sus{)enaioii of mdantbifine yellow is prepared by dis- 
solving the paste in strong sulphuric acid, ]X)un^ig the solution into cold water, 
and neutralising A few drops of this suspension are added to some 10 per cent 
Bolutiun of sodium hydrate The inatenal to be tested is saturated with the 
mixture and lightly squeezed It is then held over a beaker of briskly boiling 
water If cither hydrocellulose or oxycellulose is present a deep blue stain 
apjieurs within one minute The remaiiuler of the saiiqile will, if well bleached, 
show no blue colour for at least five minutes If, after steaming, the sample 
18 washed, scoured, again washerl, and then rubbed with soaji, the unaffected 
dyestuil is readily removed, but where reduction has taken place. the colour is 
fixed firmly 

7 Schiff’s test depends upon the presence of an aldehyde group in oxycellulose 
A solution of magenta is treated with sulphurous acid or a solution of sodium 
bisulphite till it IS just decolorised If cotton containing oxycellulose is immersed 
111 this solution it acquires a magenta colour 

8 Phenyl-hydrazin Test —Oxycellulose acquires a yellow colour when treated 
with a solution of phenyl-hydrazin or jiara-nitro phenyl-hydrazin in acetic acid. 

9 Dtizs Test - Both hydro- and oxy-cellulose reduce Nessler solution at 
ordinary temperatures If cotton containing either of these is immersed in the 
cold solution it, at first, becomes brown, but rapidly changes to pale or dark 
grey owing to the reduction of the mercunc salt 

10 Actwn of Alkalis - - Oxycellulose becomes yellow when boiled with N/lOO 
sodium-hydroxide solution The same result is obtained by soaking in a cold, 
stronger solution of the reagent Some oxycelluloses are soluble m caustic 
alkalis In this case yellow solutions are produced 

11. Schwalbe's Test. — Both hydroccllulose and oxycellulose reduce Fehling 
solution The sample is first boiled with water to remove soluble reducing bodies. 
It IS then placed m a mixture of equal volumes of Fehling solution and distilled 
water and boiled gently for about fifteen minutes. If hydrocellulose or oxy- 
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oeUnlose is present the cotton becomes red owing to the deposition of cuprous 
oxide. 

12. Schwalbe and Becher recommend the following test as being capable of 
distinguishing between hydro- and oxy-cellulose . Some of the sample is made 
into a paste with distilled water and a drop of methyl-orange solution is added. 
In almost all cases the liquid remains yellow, but with strongly acid oxycelluloses 
it becomes reddish orange. A few cubic centimetres of brine are added. In the 
case of ordinary cellulose or hydroceUulose the colour is almost unchanged, while 
if oxycellulose is present it is a deep wine-red. The method may be us^ quanti- 
tatively by titrating with N/lOO sodium hydroxide, but in this case methyl red 
should be used as the indicator, as the end-point with methyl orange is not sharp. 

Harrison's. Test — Silver nitrate is added to a solution of sodium thiosulphate, 
with vigorous stirring, and then sodium hydroxide solution, so as to obtain a 
liquid containing 1 per cent of silver mtrate, 4 per cent, of sodium thiosulphate, 
and 4 per cent of sodium hydroxide The suspected material is boiled or padded 
with this solution and then steamed The jiarts containing hydrocellulose or 
oxycellulose become stained This effect is increased if the material is first 
heated with a 1 per cent solution of phenvl-hydrazin m glacial acetic acid and 
washed thoroughly with dilute acetic acid 

Cellulose Peroxide. Oxycellulose must be regarded, as has been shown 
above, as an oxidation jiroduct containing both ketone and carboxyl groups 
But under certain conditions it appears, also, to form an oxide which has the 
projierties of a peroxide, i e contains loosely combined oxygen This body is 
termed “ cellulose peroxide ” It appears to have been studied first by Cross 
and Bevan (.7 SCI, 1907, p 44) They found that cellulose fabrics, after 
bleaching with bleaching powder without the subsequent use of an antichlor, 
retained the property of liberating iodine from potassium iodide for a much 
longer time than was consistent with the survival of traces of hypochlorites Such 
fabrics retained an acid reaction and oxidising properties (towards potassium 
iodide) even after exhaustive washing with distilled water After removing 
the acidity, by washing with hard water, the reaction with potassium iodide 
remained But boiling with water or treatment with an antichlor destroyed 
the oxidising property, as did also dry heating at 100° C This drying was 
accompanied by tendering Cross and Bevan concluded that a “ peroxidised ” 
derivative of cellulose was formed But these effects could have been produced 
also by chloramines formed by the action of chlorine on unremoved proteins 
Ditz {J SC 1 , 1907, p 988) observed that the same phenomenon can be produced 
by heating cellulose with an acid solution of a persulphate slowly up to a 
temperature of 80° C and then cooling gradually. When heated at l(]ib° C with 
the persulphate solution the cellulose exerts a powerful “ activifying ” action 
on the decomposition of the persulphate Oxygen and carbon dioxide are 
evolved together with an irritating gas This “ activificatiou ” was attributed 
by Ditz to the momentary production of cellulose peroxide, but in this case, 
owing to the high temperature of the reaction, the cellulose itself did not retain 
the properties of a peroxide. When the action was carried out in the absence 
of acid the peroxide properties of the product were feeble. Using a 10 per cent, 
solution of persulphate and dilute sulphuric acid (1 '4), 0-015 per cent of oxygen 
Was found to be fixed in one case. The products obtained with potassium' per- 
sulphate were less active than those given by the ammonium salt. The cellulose 
peroxide {J.S.C.I., 1907, p. 1026) W the properties of an insoluble acid as 
recorded by Cross and Bevan. It liberates iodine from a mixture of potassium 
iodide and iodate quite apart from its active oxygen property When suspended 
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in water, the peroxide shows the ordinary yellow colour on the addition of methyl 
orange, but if a solution of a neutral salt, e.g a chloride, be added the solution 
turns red. The acidity of the peroxide is not destroyed, hke the active oxygen, 
by boiling with water for two minutes. In fact, the two properties appear to be 
independent of each other When the peroxidised cellulose was heated with a 
10 per cent solution of sodium hydroxide partial solution occurred, accompanied 
by the production of a golden -yellow colour The peroxidised cellulose also 
reduced Fehlmg solution. These facts mdicate the presence of oxycellulose 
Hence Ditz concluded that the products of the action of ammonium persulphate 
on cellulose in presence of sulphuric acid arc — 

1. A peroxide 

2. A free acid, possibly acid cellulose. 

3. A reducing substance, probably oxycellulose 

4 Unaltered cellulose , ^ , 

O ^ 

The cellulose jieroxide in the products of the reaction was only stabii^ lor*, 
short tune in the moist condition, but when dried over sul})hunc acid af*>t> 
treatment with alcohol and ether it became relatively stable Hydrogen peroxide 
docs not yield a peroxide under similar conditions In further investigations, 
Ditu (J SC 1 ^ 1908, p 1129) found that when cellulose is heated with acidified 
ammonium persiiljihate an irritating odour of “ active oxygen ” is observed, 
and the gases obtained liberate lodine'tfrom iiotiissium iodide Aeidihed per- 
sulphate alone yields a little of the same product, but much less than when cellulose 
IS present It would appear that cellulose peroxide is an unstable intermediate 
product, breaking down at the moment of formation with liberation of active 
oxvgen. It IS possibly an intermediate product between cellulose (alcohol) 
and oxycellulose (aldehyde) Uoree (J Soc Dyers and Col, 1913, 29, 205) 
investigated the action of ozone on cotton-wool When this was exposed m the 
dry state to a current of ozonised oxygen containing 1-5 per cent by weight of 
ozone, it acquired a faint odour, beiamc acid to moist litmus paper, and 
liberated iodine from potassium iodide The last projierty disappeared when 
the product was heated to 80° C or kept for fourteen days, but the acidity 
was permanent. These properties ludicatcKi the formation of a peroxide similar 
to that described by Ditz The following projierties of cellulose peroxide -were 
given It IS decomposed when treated with water, hydrogen peroxide being 
slowly produced Exposure to air for two hours at a temperature of 37° C 
reduces the activity, while an expo.sure for two hours at 95° C practically destroys 
it If the material is ke])t in a vacuum, the activity persists for several weeks 
The peroxide acts strongly on a photographic jilate in the dark The active 
substance is volatile, the plates showing a baud of reduced silver when fixed 
5 mm above the cellulose threads This photographic activity is jirobably due 
to nascent hydrogen peroxide, formed by the action of water on the cellulose 
peroxide Dorce considers that the peroxide oxygen attaches itself possibly at 
a tertiary hydroxyl, or more probably at a carbonyl group The cellulose 
peroxide decomposes in the presence of water, forming an aldehyde (oxycellulose), 
or it may act as a catalytic agent, causmg further oxidation From the com- 
mencement of the ozone action carbon dioxide is produced and acid developed 
in the cotton The acidity can be removed either by boiling with water or by 
neutralisation After removal of the acid the residue (80 to 90 jier cent ) has 
the properties of oxycellulose It reduces Fehhng solution, has an increased 
afBnity for methylene blue, an increased copper number, and an increased 
solubility in alkali Mercerised cotton is attacked much more readily than 
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ordinary cotton, and viscose silk is intermediate between the two These results 
are illustrated in the following table • — 



Cotton- wool 

Mcrcensed 
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ill all cases there was a rapid decrease m 

tensile strength, indicating tendering. 













CHAPTER IX. 

SPECIAL PROPERTIES OF COTTON. 

Action of Heat. — Cotton may be heated, in the dry state, for a short time to a 
temperature of 1 50° C without undergoing decomposition, but, if the heating be 
prolonged, it bei omes yellow or brown At the same time, oxygen is absorbed, 
oxyc ellulose is formed and the tensile strength becomes less When heated at 
tenqieratures much above 150° C, (otton is decomposed with the production 
of various bodies, including aietic acid If either hvdrocellulose oi oxycellulose 
be present, cotton be( omes much more sensitive to the action of drj heat Hydro 
cellulose begins to turn brown at 130° (' , while at the same temperature oxy- 
cellulose becomes yellow Moist heat is not so destructive in its action, but 
when cotton is heated for a long time with steam, in the absence of air, it is 
changed gradually into hy droc ellulose, the velocity of the reaction depending 
upon the temperature 

Kiiecht (J (S'of Dyers and Col , l‘>20, p 195) found that prolonged heating, 
at comparatively low temperatures (80° C ), produced the same effects as heating 
for a shorter time at a higher temperature Knecht and Muller (J Soc Dyen 
and Col 1925, p 45) arrived at the following conclusions 

1 Prolonged heating of cotton yam at 90° C reduces its tensile strength 
and imreases its cojijier number 

2 Heating in a vacuum causes less deterioration than heating in the presence 
of air 

3 The copper number does not increase in proportion to the loss of tensile 
strength, except in the case of mercerised cotton 

4 The discoloration jiroduced is not commensurate with the deterioration 

5 Meriensed cotton is more sensitive to the action of heat than ordinary 
cotton 

6 Traces of volatile acid are formed when cotton is heated in a sealed tube 
at 90° C and, c\ en when heated in evacuated tubes, the copper number increases 
and the yarn bee omes tender, the aqueous extract of the heated cotton indicating 
the presence of a soluble carbohydrate 

The Action of Air. — The action of air on cotton is associated very closely 
with the phenomenon known as ‘ weathering ” A perfect textile fibre should 
be permanently unaltered however long it is exposed to atmospheric influences 
In practice no fibre reac hes this ideal although some, like cellulose acetate, are 
.more durable than others For want of a better term this gradual disintegration 
of textile fibres which takes place when they are kept for prolonged periods is 
known as “ weathering ” In the case of cotton, it is a distinctly marked process 
which occurs when the matenal is exposed to air, both in the presence and absence 
of fight Weathermg is accelerated, greatly, by faulty processes used in the 
preparation of the goods Thus, if traces of a metallic oxide, such as copper 
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oxide, are present, which can act as oxygen carriers, the production of oxy- 
cellulose becomes qmte rapid This is, of course, accompanied by the production 
of tenderness and also of yellowing In investigating the action of air the follow- 
ing factors must be considered, vis — 

1 The action of light 

2 The action of oxygen 

3 The action of traces of ozone and hydrogen peroxide 

4 The efiect of moisture 

5 The effects of temperature and pressure. 

6 The action of aerial micro-organisms 

The action of light on cotton was studied by Doree and Dyer (J SC 1 , 1917, 
p. 21 1 1 by exposing cotton fabncs to the action of light from a Cooper-Hewitt 
mercury vapour lamp at a temperature of from 30° to 35° C This lamp pro- 
duces a large concentration of ultra-violet rays It was observed previously, 
by Witz, that while blue rays of light tause the production of oxycellulose, 
neither yellow nor red rays have any action Doree and Dyer used a smgle- 
ply cotton fabric such as is employed for the envelope of an airship. They 
found that, after exposure for a week to the rays of the mercury vapour lamp, 
it acquired a biscnit-yellow colour and showeil a greatly decreased tensile strength 
Not only did sodium hydroxide }iroduce a yellow colour, but dissolved much of 
the exposed portions of the fabric Comparisons of the exposed portions of the 
fabric with hydroccllulose, prepared by the action of sulphunc acid on cotton, 
showed considerable differences, whereas the properties of the exposed material 
resembled closelv those of oxycellulose Thus, when treated with a cold 1 per 
cent solution of sodium hydroxide, much was dissolved and the characteristic 
vellow colour given by oxycellulose was produced It reduced Fehling solution, 
gave furfural when distilled with hydrochloric acid, and had an increased affinity 
for methylene blue These results are summarised in the following table — 
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The tensile strength of the exposed portions of the fabric had entirely gone, 
and transverse cracks with the occasional swollen place.s, similar to the effects 
produced by excessive action of alkali, were noted. The affected part was 
much more absorbent, and wetted out more readily than the unaffected part 
of the fabric Doree and Dyer concluded that ultra-violet light, m the presence 
of moisture and air, acts m two ways 

1 By some specific phy.sical action, causing disintegration of the cellulose 

2 By the development of ozone at the surface of the fabjric, which is known 
to convert cellulose into alkali-soluble products .having the properties of oxy- 
cellulose. 

The action of ozonised air upon cotton and the production of cellulose peroxide 
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has been deecnbed already (p 119) The tendering action of ozonised air on 
cotton yarn is shown in the following table given by Doree and Dyer It 
refers to an Egyptian 1/40 cotton, the onginal tensile strength being taken as 100 


Time of Kxpusure to Air 
containing 1 to 2 per 
cult of UzoiH. 

Breaking 

Stn ngth 

0 6 hoars 

100 

10 „ 

00 

3 0 „ 

91 

60 .. 

88 

12 0 „ 

63 


Turner (./ tioc Dyers and Col , 1920, p l(t5) also investigated the influenee 
of atmospheric oxiiosure on the projierties of cotton fabrii s, using a Westing- 
house Cooper-Hewitt quart/ mercury arc lani]> Special prctautions were taken 
to determine (1 ) whether or not the loss of tensile strength was more marked 
at the point whire the thread used had been exposed to the attion of light, 
(2) to use light of a particular wave length 

Turner s exjienmeiits pointed to the following conclusions 

1 For wave lengths greater than 3660 A U there is no destructive effect 
That IS, it IS probably safe to conclude that visible light has little, if any, 
tendering action 

2 There is apparently no limit to the action of light with shorter wave- 
lengths 

3 The effect of a sheet of glass which cuts off the spectrum below 3990 A U 
IS much greater for the mercury arc than for sunlight 

The removal of oxygen from the atmosphere surrounding the hbres reduced 
greatly, but did not entirely inhibit, the destructive action of the light The 
presence or absence of moisture made no difference It should be noted that if 
in the complete absence of oxygen disintegration still takes place, the conclusions 
of Don e and Dyer, with regard to the intensified action in the presence of air 
and the possibility of the formation of ozone, receive important confirmation 
The following notes are taken from Researches on Cellulose, b) Cross and Done, 
vol IV p 123 Lynam has shown that the light causing direct formation of ozone 
must have a wave length of less than 1850 A U , and that it is absorbed completely 
by 1 mm of air at ordinary jiressure No appreciable quantity of o/one can 
be formed at the earth’s surface It is therefore difficult to account for its 
formation m the linen threads But Lindemann, taking into account the 
refractive index of linen (1 53) and the dielectric constant of the medium, has 
worked out that the most destructive poition of the spectrum should be that 
with a wave length of 3230, which is m fair agreement with the observed results 

The inflm m e of the combined ai tion of bacteria, moisture, and light on t otton 
and linen was investigated also by Turner {J Roc Dyen and Col , 1920, p 165) 
He found that the rate of deterioration was the same, both at Berbera, which 
has a very dry climate, and at Malacca, where the t lunate is humid and there is 
much ram But at both places the rate of deterioration was greater than 
at Farnborough 

At Malacca there was much growth of mould, which accounted for part of 
the deterioration, and it was found that cxitton is less sensitive to fight than flax 
but more sensitive to moulds 
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Aston (Reports and Memoranda, No 396, 1917) states that there js evidence 
that ozone, or active oxygen, is the most important factor in the destruction of 
linen fabrics by light, but it is impossible for sunlight to produce much ozone 
from atmospheric oxygen at a point near the earth’s surface He accepts, 
therefore, a possible explanation suggested by Lindemann The most effective 
freqijciicv for ionising oxygen, as found from a quantum relation, corresponds 
to a wave length A ISHOA From an approximate deduction of the dielectric 
constant of linen, it is calculated that this frequency for molecules of oxygen 
m intimate contact with, or adsorbed by the linen is A=3230A, a result which 
Aston considers to be in good agreement with his own observations, though the 
latter can only be regarded as indicating that tendering is produced by light 
of wavelengths less than A=3230A The theory, moreover, appears to rest 
on the assumption that lonisc^d oxygen is responsible for the production of ozone, 
or, alternatively, that ionised oxygen is the c ause of tendering 

The action of bacteria and moulds on cotton will be dealt with in Chapter X 

The Action of Mechanical Forces on Cellulose.- This is a property 
difficult to classify, but which has some importance m the mechanical opera 
tioiis of finishing Fort (J SC 1 , 1918, 12iA) observed that if, owing to the 
breaking of a traverse during beetling (q v 1, the hammers fall continuously 
on the same sector of the- cloth, the temperature rises and conditioning moisture 
IS lost In the case observed, that portion of the cloth subjected to this abnormal 
mechinu d treatment was completely ruined, and a deposit, resembling lumps 
of st irch, was obtained, winch could be crushed easily to a hne, smooth powder 
w ith a slight tendeuc y to break in layers The prodm t contained no undestroyed 
fibres, but occasional small shreds of cuticle were found The powder had the 
chemical properties of cellulose and gave negative results for hydrocelliilose and 
o\> cellulose When heated with sodium hydroxide solution of 52 Tw the 
jiartic les swelled but did not dissolve The powder gave no reaction with iodine, 
but, after treatment with hydrochloric acid, the yellowish brown colour due to 
dextrin was obtained It was evident, from the ajipearance of the cloth, that 
he.it pi lyed a large p.irt in the reaction, and it was found that a temperature of 
2<I0'’ ( was re.ic heel in the hottest part The examination of the powder by 
(Voss (,7 Soc Ih/er’i and CoJ , 1919, p 27) showed that a large amount of alkali- 
soluble jS cellulose had been formed and the microscojuc structure of the powder 
was quite different from th.xt of ordinary shredded cellulose Another case of 
mech.iiiical lireakdown of a cotton rope used for power transmission is recorded 
also by Cross, in which the yarn was converted at the core into rounded hvalme 
masses of small dimensions It was conrludcd that the fibrous colloids had been 
transformed through <i phase of hydrate “ fusion ” into the stme tureless form in 
question, the only yiossible causes being of the mechanic 1 physical order When 
cellulose is treated in a papermaker’s beater it swells and becomes more hydrated 
Those swollen m.isses or gels dry to hard, horny prcxlucts which swell again in a 
clamp atmosjihere 

The Action of Water. — Cold water has no chemical action on cotton, but 
prolonged soaking c auscs the hairs to swell up and temporarily lose the natural 
twist When the cotton is rediied, the twist reappears Harrison (Second 
Report on Colloulal Chemistry, p 54) states that cotton, when subjected to stress 
in the dry condition, acquires an increased power of double refraction, which 
persists after the stress is removed This increased double refraction shows the 
presence of extra internal stresses resulting from the deformation. When sudh 
cotton IS soaked in cold water, these mtemal stresses disappear and the fibres 
regain their original shape. When compressed in boiling water, the fibres 
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become permanently deformed and no internal stresBea are produced Soaking 
in cold water dissolves some of the impurities present, both organic and inorganic 
Boiling water has a greater solvent action Lester {J SC 1 , 1902 p 388) gives 
the amount as 2 per cent , and concluded that these bodies extracted by boiling 
water were largely responsible for the hygroscopic nature of cotton Knecht 
{J SC 1 , 1911, p 1(X)7) found that Egyptian cotton, after removal of fatty 
matters and wax by means of petroleum ether and alcohol, gave from 1 48 to 
1 61 per cent of extract when treated with water In a later paper {J SC I , 
1919, 7a) it was found that the aqueous extract was nch in mineral matter, a 
considerable portion of which consisted of potassium salts Upon dialysis the 
aqueous extract was separated into two portions The diffusible constituents 
were very hygroscopic, and rich in potassium salts The undiffusible residue 
yielded, on evaporation, a non hygroscopic brittle resinous substance Aqueous 
extraction removed from 14 to 16 per cent of the total nitrogen Grace Calvert 
(J Chem Sor , 1866, 20, 303) showed that practically the whole of the 
phosphorus was removed from cotton by extraction with water Herzfeld 
and Klinger (J Text Imf , 1923 T 79) proved that a 2 per cent suspension 
of cellulose in water is partially decomposed by heating for four hours at 138° C 
The portion dissolved by water gave an o/a/one resembling that obtained from 
maltose Schwalbe (J SC 1 , 1910, p 750) showed that only cellulose which 
has alreadv been affected by excessive bleaching, etc undergoes hydrolysis when 
heated with water under pressure, and Schwalbe and Robinoff (JSCI, 1911, 
p 277) found that up to a temperature of 150° (' pure cellulose was affected very 
little, and that this appears to be a “ cntic al ” temperature Tauss [J Text 
In’tt , 1923, T 78) had jireviously determined the amount dissolved from Swedish 
filter paper when heated with water at pressures up to 20 atmosjiheres At 
ordiiiarj' temperatures only traces of extract were obtained, at 5 and 10 
atmospheres 1 38 and 13 5 per cent were obtained, while at 20 atmosjiheres 
the cellulose was completely transformed into a jelly like mass which could be 
powdered when dry and had, ajiparently, the empirical composition ('i 2 H 220 n 

When cotton yarn is boiled with water for a long time it shnnks and loses 
tensile strength The following exjienments, made by the authors ma> be 
quoted 

Twent> leas of cotton yarn were boiled with water for three hours, dried, 
and remeasured, under simil.ir atmosjihenc conditions This was rejieatcd on 
succ essive daj s till no further shrinkage could be observed The hgiires obtained 
weie- 


AfUr iitst biulin)! 
Mconcl boilini! 
, third , 
tocirth , 


Loss in la neth pc r 
Lea Avera'ce of 
ZOTlBtH 
37 S inches 
30 0 , 

17 0 
0 0 


This corresponds to a shrinkage of about 2 jier cent The tensile strength of the 
yarn decreased from 20 5 lbs to 25 25 lbs 

Steaming unbleached cotton >arn produces an increased colour, and improves 
its appearance also The thread becomes softer and the curled places disappear 
entirely ( J Text Inst , 1923, T 81 ) It was suggested (loc ett ) that American 
yarn can be steamed to produce the appearance of Egyptian yarn To effect 
the maximum improvement in appearance with the minimum development of 
colour, it was proposed to subject yam to the action of steam at 7J lbs. pressure 
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for times varying from ten to thirty minutes, according to the type. Soaking 
m cold water for a week, or m hot water for a shorter period, makes cotton yams 
more uniform in twist and strength, while tchreinerising depends upon the 
swelling of the fibre in water at elevated temperatures. 

The moisture content of cotton goods has an important influence on some 
of the physical jiroperties, such as tensile strength and plasticity These will 
be dealt with elsewhere 

The electrification of cotton is the source of trouble, and its effects are most 
pronounced in spinning. Electneal efiects are related closely to the humidity 
of the atmosphere, and it is a matter of common experience that the air must 
contain an adequate amount of moisture if trouble is to be avoided 

Slater (J Text Inst , 1925, P 59), as the result of exhaustive experiments, 
has arrived at the following conclusions — 

1 The electrical conductivity of cotton, or the rate at which intense local 
charges in cotton can be dissipated, is increased when either the relative humidity 
or the temperature (or both) is raised. 

2 The relative humidity is the more important factor in the control of 
electrification 

3 Over ranges of relative humidities and temperatures obtaining in spinning 
practice, (a) the electrical conductivity doubles its magmtude for every 4-0 per 
cent rise in relative humidity, and this is approximately the same for all cottons , 
(b) the electrical conductivity doubles its magnitude when the temperature is 
raised approximately 16° F. This is not a constant for all cottons 

4 For temperatures obtaining in practice, it is desirable that the relative 
humidity should not fall much below 40 per cent if electrification is to be avoided 
Between 55 and 60 per cent is a convenient relative humidity 

5 For each per cent of relative humidity there are two equilibrium values 
of the conductivity, depending on whether the cotton has been previously 
exposed to an atmosphere of higher or lower relative humidity The value when 
approaching from wetter conditions is several times greater than after approach- 
ing from drier conditions 

6. It IS always more difficult to raise the conductivity of the cotton to a 
critical value, by raising the relative huimdity, than to lower the conductivity 
from a critical value, by allowing the relative humidity to fall 

The Action of Acids. — In general terms, it may be stated that strong acids 
cause rajiid tendering of cotton, the rate and amount depending upon the tem- 
perature and concentration Weak acids have a less destructive action depending 
upon their hydrogen-ion concentration There arc two kinds of tendering by 
acids In the absence of air the action is one of hydrolysis, resulting, as exjilained 
above, in the formation ot hydrocellulose If, however, air or an oxidising agent 
be present, oxycellnlose is also formed Further, certain acids, such as nitric 
and acetic, are capable of forming ethereal salts of cellulose, while concentrated 
solutions of strong mineral acids produce an initial effect very similar to that of 
mercerisation. 

Action of Sulphuric Acid. — Cold concentrated sulphuric acid dissolves 
cotton, and if the solution produced be poured quickly into excess of cold water, 
the cellulose is reprecipitated m a gelatinous condition termed “ amyloid ” 
This consists probably of hydrated cellulose, (CjH,o OsljHjO If the sulphunc 
acid solution be allowed to stand for some time, no precipitate is produced on 
dilution, owing to the complete hydrolysis of the cellulose to dextrose If the 
sulphunc acid solution be warmed, rapid decomposition sets in, accompanied 
by charring and the evolution of carbon dioxide and sulphur dioxide. The 
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reaction with cold concentrated sulphuric acid is employed in the manufacture 
of parchment paper Sheets of ungla/ed paper are immerf>cd m sulphuric and 
of about 78 pei cent strength, and then in cold water to precipitate the gelatinous 
amyloid on the surface The treated paper is then washed with water till free 
from acids and dried 

Rulphinic acid of a sonicwh.it less concentration acts differently When 
cotton liairs are immeised lu and of about KW" Tw (02 per cent ) strength they 
untwist rajiidly, and .it the s,ime time swell up and become shorter When 
cotton yirn is treited in this way it not onlv shrinks but anpiires an incre.ised 
tensile strength and aftinity for direct dyestuffs These effects are similar to 
those produi ed by inert erisation The immersion in acid must not be prolonged 
or the (otton will be gradually dissolved or tendered 

The action of mineral acids of moder,ite concentration, and especially of 
suljihuric acid, on cotton, has formed the subject of mnn\ patents for the pio 
ductioii of wool like and transparent effects These arc due diiefty to ircberlem 
According to Eng Pat J()8(i71, 19J7 (JSCI , 1918, 297a), incrc.ised trans- 
parent \ IS obtained by treating the material with a solution of caustic soda of 
sp gr 1 I"} at ti mperatiires below 0“ (', followed by trc.itment with suljihiirit 
atui of sp gr 1 90 also below 0° (' The treatment may be repeated till the 
desired eflet t is obtained Wool like effects .ire claimed to be obt lined (J SCI, 
1929, ISOa) b\ subjecting cotton fabrics to the .ictnm of toiiccntr.ited sulphurit 
acid of sj) gr 1 919 to 1 94b, and, after washing, treitmg with c.iustic soda 
solution without tension Similar cflxts art obtaiiud by treatment with nitrit 
acid (aj) gr 1 424 1 4(iS), or (1) a solution of zinc chloride of I 842 sj) gr, 
(2) hvdrothloMC it id (9) Schwcit/er solution or other ctlliilose solvent 

Hebcrlcm stites, ilso that lintnlike effects arc obtained whtn cotton is 
subjected to one treatment with caustic sotli solution of specihc gnvity of not 
less than 1 lib, and one treatment with ccmcentiated suljihurit icid. 

In a later patent (Eng Pat 19b298, 14th April 1923) it is thimetl th.it this 
action of conceiitmtetl suljihurit at id is niodihed consider ibK by the jircstnte of a 
heterocytlit bise siuh as pvTidiiie or quinoline In the jirt sente of these botlits 
the time of ictiou cm be prolonged cousidcr.ibly without c.iusiiig hydrolysis 
of the cellulose 

For examjile, bleached mercerised niiisliii is rendered transparent and soft 
by tre.itmont for four minutes with a mixture of I pint of pyridine and f jniits 
of suljihune acid of 6b^ Bi (sp gr 1 84), .md a wool like effect is jiroduccd 
on suitable mcrccrisctl cotton f.ibnc by treitmg it with a mixture of 1 pint of 
jnndino and 9 pints of huljihiiric acid of 99 9° Bi (sp gr 1 b6) for hvc minutes 
The linen like effects on cotton obtiiucMl by the methods described in Krig 
Pat 192227 {J SCI, 1929 30bA) may be jiroduttd by means of simple trcit 
ment of cotton with a mixture of sulphuric acid and a heterocyclic base 
Kaslutani (Eng P.at 144083, 28th May 1919) uses the following jiroccss 
Cotton yarn or fabric is treated for one to fifty minutes in suljihunc and of 
52°to()0 B( (sp gr 196 1 71), w.ishedmwater under vibration to remove loose 
fibre, immersed for ten to fifteen minutes m a solution of raustic soda of 8° t o J 9° Be 
(sp gr J Ob 1 12) to improve the lustre, neutialise the free acid, and maintain 
the colour, then treated with a 3 per cent solution of borax to render it non 
combustible and neutral The fabric may be further softened by treatment with 
a 5 per cent solution of glycerin, or with calcium chloride, glucose, or soap 
solution 

Cedd dilute solutions of sulphuric acid do not tender cotton, proinded that 
the acid is subsequently washed out completely, before the cotton is allowed to 
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dry. But some of the acid is adsorbed. This was studied by Leighton {J S C.I., 
1916, p. 464) in the following manner : — 

Alrant 1 gramme of purified cotton was shaken for three hours with 100 c.c. 
of aqueous acid of varying concentrations, then centrifuged for one hour, and the 
acid retained by the cotton determined. The hquid separated from the cotton 
was also titrated. It was found that hydrochloric, sulphuric, and phosphoric 
acids do not form compounds with cellulose at ordinary temperatures. Cellulose 
adsorbs sulphunc acid more than phosphoric acid, and the latter more than 
hydrochloric acid, whilst the presence of any of these acids reduces the amount 
of water which can be adsorbed by cotton ; difierences in the results obtained 
by titration of the residual solutions, and gravimetnc determination of the acid 
retained by the cotton, are due to the former method, giving only the selective 
adsorption of the acid Selective adsorption does not occur with phosphoric 
acid, a nd is more pronounced with hydrochloric than with sulphuric acid. Selective 
adsorption was only pronounced at high concentrations of the acids. 

When cotton is boiled with a dilute solution of sulphunc acid it loses tensile 
strength rapidly, owing to the formation of hydrocellulose. But a diminution 
in tensile strength is observed before the presence of hydrocellulose can be 
detectwl. 

If heated with acid under pressure hydrolysis becomes extremely rapid. 
Even traces of sulphuric acid are sufficient to convert cotton into a mass of 
hydroeellulose at a temperature of from 130° to 140° C. The treated cotton 
retains its original structure, but, when washed and dried, breaks down rapidly 
into a powder, consisting of hydrocellulose. 

When dilute sulphuric acid is allowed to dry into cotton, its tendering action 
IS greatly increased. Knecht and Thompson {J. 8oc. Dyers and Col , 1921, p 270) 
indicate two reactions, viz (1) partial hydrolysis accompanied by reduction 
of tensile strength, and (2) the fixation of some acid m the fibre which acts as 
a mordant for basic dyestuffs The drying in of acid is accompanied, also, by 
oxidation which produces oxycellulose They distinguished between two kinds 
of acid damage, according to whether it is produced by prolonged action of weak 
acid with or without drying (p 117). 

When cotton is boiled for half an hour with a 0 5 per cent, solution of sulphuric 
acid, its tensile strength becomes less, although no hydroeellulose is formed. 
That IS, the prolonged action of dilute acids, unaccompanied by drying, produces 
no chemical change. When dilute sulphunc acid is dried into cotton, not only 
is hydroeellulose produced, but at the same time some of the sulphunc acid 
becomes fixed and cannot be washed out by either water or alkali. It is this 
fixed sulphunc acid which, according P> Knecht and Thompson, gives the cotton 
an increased affinity for basic dyestuffs 

Lawrence (J 8.C 1 , 1919, 894a) found that the tendering action of dilute 
sulphuric acid on cotton yam depends on (1) the concentration of the acid, and 
(2) the temperature of drying He gives the following example . Cotton yarn, 
after treatment with N/lOO sulphuric acid, was dried at various temperatures 
and the tensile strength tested. When dned at 20° C the loss was 2 per cent., 
while at 100° C. it was 67 per cent Acid of N/5 strength caused a loss of 67 
per cent, at 20° C. Lester {J S.C 1 , 1915, p 934) concluded that less than 
O'l per cent of acid will produce tenderness under normal conditions when dried 
into cotton, while if the goods are ironed or stored, as little as one part in ten 
thousand is quite sufficient to cause damage But in a recent patent, it is 
claimed that cotton, treated with from Od to 0-2 per cent of sulphunc acid, or 
an acid sulphate, and dned at a low temperature, actually has an increased 

9 
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tensile strength of from 20 to 30 per cent., and that only traces of hydrocellulose , 
are formed 

Hydrochloric acid acts in a similar nmnner to sulphuric acid, but is more 
destructive m its effects, owing to its greater hydrogen-ion concentration Dry 
hydrochloric acid gas converts cotton into a fnable mass of hydrocellulose, and 
if dissolved in carbon tetrachloride causes carbonisation Willstatter {J.S C /., 
1913, p 822) observed that cotton is completely dissolved by cold hydrochloric 
acid of 1 209 specific gravity (or 40 per cent.). Ordinary commercial hydro- 
chloric acid does not dissolve cotton. Solutions containing from 37 to 38*5 
per cent of hydrochloric acid cause it to swell up and become transparent, 
while at concentrations of from 36 to 37 per cent mercerising effects are producM 
The greater tendering action of hydrochloric acid compared with that of sulphuric 
acid was measured by Thompson (J. Soc Dyers and Col., 1915, p. 255), who 
found that a , per cent solution of hydrochloric acid when dried into cotton 
and heated at a temperature of 20° C for ten minutes caused as much tendering 

® 1 a «■ P®*' solution of sulphuric acid. Similarly, when boiled, the corre- 
sponding strengths are per cent for hydrochloric acid and , I „ per cent, for 
sulphuric acid Similar results were obtained by Fort and Pickles (J Soc 
Dyers and Col , 1915, p 255), who determined the loss of tensile strength produced 
by different acids of the same concentration Thus, after boiling cotton for 
one hour with normal acid the percentage losses were — 


Hydroohlono acid 

93 5 

Sulphuric acid 

71 0 

Sodium biHuljihatc 

53 0 

Aoctic arid 

10 0 


Padding, followed by drying, gave similar results The addition of a similar 
ion to the acid, which diminislies elec-trolytic dissociation, causes a diminution 
of the tendering power The decrease m tendering power of a strong acid when 
a salt of a weaker acid is added, is due to the bberation of the weaker by the 
stronger acid, e.g. 

HgSO^-f CHaCOONa --NagSO^+CHsCOOH 

The effect of the stronger acid cannot be completely eliminated in this way, 
since an equilibrium is established, beyond which the reaction does not proceed, 
or, in other words, the equation is reversible. The same authors {J S C.l , 1916, 
p 38) conclude that the tendering action of acids is proportional to their 
strength, as indicated by their relative velocities of inversion of cane sugar In 
the case of salt solutions, and mixtures of salts with acids, the degree of tendering 
is governed by the laws of electrolytic dis.sociation. 

Coward, Wood, and Barrett (J. Text. Inst , 1923, T 520) have also compared 
the tendering action of various acids in the following manner . Air-dry samples 
of bleached cotton fabnc were immersed for one, fifteen, and sixty minutes respec- 
tively in 2N, N/1, N/10 solutions of the following acids . Hydrochloric, sulphuric, 
hydrofluoric, acetic, monochloracetic, and trichloracetic The immersions were 
made at temperatures of 100° C., 60° C , and 40° C., and the resulting losses in 
tensile strength determined after washing the fabnc in cold water and drying by 
exposure to air. They found that the amount of tendering, for a' given acid, 
depends upon (a) the concentration of the acid, (6) the time of action, and (c) 
the temperature. For the same temperature, the loss of strength was roughly 
proportional to the hydrogen-ion concentrations. With normal sulphuric acid 
and hydrochloric acid, complete tendering was produced in fifteen minutes, and 
even with N/10 hydrochlonc acid a similar result was obtained. Measurable 
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tendenng was observed when a fabric containing its own weight of a 0-01 per cent, 
solution of hydrochloric acid was dried into the cotton at a temperature of 100° C 
for one hour, while with a 0*05 per cent solution the tendering was much more 
marked The action of hydrochloric acid when dissolved in non-aqueous solvents, 
alcohol, ether, and benzene, was investigated. These solutions all had markedly 
stronger tendering effects than solutions of the same concentrations in water 
at the same temperature Drv gaseous hydrochloric acid acted very slowly on 
dry cotton at the laboratory temperature, producing less than 20 per cent, of 
loss of tensile strength after two hours’ exposure at 15° C., but, in the presence 
of a little moisture, tendenng became almost instantaneous under the same 
conditions The measurement of the viscosity of cuprammonium solutions of 
cotton fabrics was found to give more sensitive indications of damage produced 
by acid than the determination of tensile strength (y r ) 

Acid salts, or salts which, like alunumum sulphate, have an acid reaction 
in aipipoiis solution, also tender cotton. Those like magnesium chlonde, which 
are decomposed on drying, are particularly destructive The action of these 
salts is explained by the equations 

2 NaHS 04 ==HjiS 04 d-NaSO^, 
Al„(a04),+2H*0=Al*(S04)*(0H)a4-HgS04, 
Aliiri4+2HjjO--AlsCl4(OH)j+2HCl, 

MgC!a+HjO=Mg(OH)Cl+HCl, 

ZnCl 4 +HaO=Zn(OH)CI+HCl 

The tendering action of these salts is, also, reduced by the presence of sodium 
salts of the same or of a weaker acid. Zinc chloride and magnesium chloride, 
which are used in sizing mixtures, are not uncommon causes of tendering, 
especially when the goods are singed or ironeil Thomson (./ floe Dyem and 
Col , 1915, j) 1,3.1) states that although the chlorides of magnesium and zinc 
tender cotton when used separately, yet together they have hardly any action, 
owing, jirobalily, to the formation of a relatively stable double chlonde The 
tendering action of certain metallic chlondps was measured by Fox, Hubner, and 
Kneclit {JSC'l, 1912, p 810), who give the following figures — 


Salt 

Porcenta 4 {o Lone of Tenmic Strciijith 

After 

Siring 

three Times. 

After 

iBoiling 

Total 

Ammonium chlonde 

55 

20 0 

31 5 

Calcium chloride 

no 

100 


Ma^cHiiim chlonde 

00 

170 


Sodium chloride 

12 5 

10 0 


Zinc chlonde 

30 

29 0 

20 0 

Aluminium chlonde 

22 0 

23 0 

45 0 


The action of sodium chloride, a neutral salt, and the initial effect of zinc 
chloride, are both of interest 

Organic adds do not attack cotton so readily as mineral acids. The 
volatile acids, such as formic ahd acetic acids, are, moreover, largely expelled 
when cotton containing them is dried. Orgamo acids which, like oxalic acid, 
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are not volatile have a tendering effect proportional to their hydrogen-ion con- 
centrations. The tendering action ot an organic acid is increased on drying in 
presence of the sodium salt of a stronger acid. This is due to a slight reversion 
of the equation 

HjjS04+2CH3C00Na5?±^Na2S04-f2t!HsC00Na. 

Occasionally, one meets with cases of tendering which can only be explained in 
this way Such finishing processes as calendering would accelerate the action 
But Fort and Pickles (loc ctf ) found that oxalic acid did not act in this way, 
its tendering effect being dimini.shed by the addition of sodium sulphate They 
explain this as being due to diminished electrolytic dissociation owing to the 
formation of acid salts of the dibasic acid 

If cotton be boiled with solutions of organic acids a distinct loss of tensile 
.strength is produced. This is of importance in the dyeing of wool and cotton 
mixtures in an acid dye bath, in which formic or acetic acid is generally sub- 
stituted for sulphuric acid 

Zanker and Mann {JSCI, 1917, p 708) state that tensile strength tests 
of cotton boiled with water, acetic and formic acids, under conditions the same 
as those used in dyeing wool and cotton mixtures, showed a loss of strength of 
40 to 50 jier cent for acetic acid and 50 to 55 per cent for formic acid. They 
note, further, that acetic acid cannot be washed out of cotton eomjiletcly except 
by passing steam over it at a temperature of 200° C Cotton has the power of 
adsorbing a considerable amount of tannic acid from its aqueous solution. This 
property is made use of in mordanting cotton for dyeing with basic dyes No 
tendering is produced In the experiments quoted above, the addition of sodium 
sulphate produced, apparently, a somewhat different result For cotton alone 
the loss of tensile strength was reduced to about 25 per cent When, however, 
wool was present with the cotton the loss of strength became increased to from 
50 to 55 per cent for acetic acid and 30 to 60 per cent for formic acid If 
a strong solution of oxalic acid, thickeneii with gum, be allowed to dry into 
cotton no tendering takes place, but the matenal has an increased affimty 
for basic dyes and a decreased affinity for direct colours Knecht has shown 
that this IS due to the formation of a cellulose formate owing to the decom- 
position of the oxalic acid on drying mto formic and carbonic acids If 
the cotton be boiled with alkali to decomjiose this cellulose formate the increased 
affinity for dyes is lost again The organic acids, under suitable conditions, 
have another imjiortant action on cotton cellulose They form ethereal salts, 
such as acetates and formates When cotton is heated with acetic anhydride 
under pressure an acetate of cellulose is produced The composition of the 
acetate depends upon the projiortion of acetic anhydride used, the temperature 
of the reaction, and the presence or absence of a hydn)ly.sing agent such as zinc 
chjoTide, from one to five acetyl groups being introduced. The more important 
acetates are • Triacetate, CgH^OgfCgHgOglg ; tetra-acetate, CgH 40 (CgH 30 g )4 , 
penta-acetate. (’gHj(C 3 H 30 g) 5 . The formation of cellulose penta-acetate is shown 
by the equation 

CeHio06+5CH3COOH=CgH3(CH3COO)6-f5H30. 

The cellulose acetates are insoluble in water but dissolve in glacial acetic 
acid and various organic solvents When a solution is evaporated a clear 
insoluble film of the acetate is obtained. The solution may be spun into silk 
by forcing its solution through fine orifices and evaporating the solvent from the 
issuing viscous thread Cellulose acetate silk is made in this way (p. 167). 
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' The acetates of cellulose have other important properties. They are quite in- 
soluble in water, are bad conductors of electricity, and arc non inflammable. On 
account of these properties they are used largely in the preparation of water- 
proof dressings, insulating materials, and photographic films Cellulose acetate 
IS decomposed into hydrated cellulose and potassium acetate when boiled with 
aqueous or alcoholic potassium-hydroxide solution — 

CsH,Oa (C,H30*)34 3KOH=C.H,03(OH)3-f 3 C 3 H 3 O 3 K. 

The Detection of Traces of Mineral Acid. — Though often of importance, 
this IS a matter which presents some difficulty A method which sometimes 
serves, is to moisten the cotton with hot distilled water and then wrap it round 
a ])iece of neutral litmus paper If pressure be now applied, a colour change 
IS ])roduced. Methyl orange may be used as the indicator instead of litmus 
Briggs tests for free acid m the following manner . To a solution of potassium 
iodide and lodate m water containing dissolved starch, decinormal acid is added 
till a light blue colour is produced The mixture is then boiled till it becomes 
colourless. If cotton be t'^eated with this reagent a blue stain is produced in 
the presence of free acid The indications of the test have a rough quantitative 
value dcjiending on the time required to dcveloji the blue colour This appears 
at once in the iiresence of an objectionable quantity of acid, while if no sign of 
a blue colour appears m five minutes the cloth may safely be regarded as neutral. 
Another mcthorl is to boil the goods with distilled water and phenoljihthalein 
and titrate at the hoiling-point with centmormal sodium hydroxide. The follow- 
ing table by Coward and Wigley (J Soc Dyers and Cnl , 1922, p 260) gives the 
limits of delicacy of certain other indicators for syiotting tests It will be observed 
th.it methyl red is the best to use, being capable of detecting as little as 0't)05 
per cent of acid or alkali 


Indu atm 

Aud nr Alkalinity 

Colour 

Tlijiuul blue 

Methyl orange 

Laomoid | 

KI -KI Oj-starch 

Methyl red < 

Broiuutliymul blue ■/ 

Phenolphthalein 

(1 l(j jjer cent H,S 04 and upwards 

0 10-0 10 per cent HjSO, 

0 00 per cent HjSO, and upwards 

0 03-b 00 per cent HjSOj 

0 02 per cent HySUj and less 

0 01 „ and upwards H,SOj 

0 OOS „ H,SO( and upwards 

0 OOS „ NaOH and upwards 

0 02 „ NaOH (as Na,CO,) 

0 04 „ NaOH and upwards 

0 12 „ NaOH and upwards 

Purple 

Yellow red 

Ki‘d 

Blue eontro rod ring 
Blue 

Blue 

Bed 

Yellow 

Oreen 

Blue 

Pink 


Free sulphuric acid may be extracted from cotton by means of absolute 
alcohol, and after evajioration of the spirit either titrated or weighed as barium 
suljihute. 

The same authors state that acid is removed more quickly by a solution of 
salt in water than by water alone When cotton is washed till it is neutral to 
methyl red it cannot contain more than 0-005 per cent of hydrochloric acid or 
its equivalent Both acid and alkali may be estimated by boiling the fabric 
with water and titrating it with phenolphthalein as indicator, the results being 
correct within 0-02 per cent. 

Action of Nitric Acid. — Owing to its oxidising action, mtric acid does not 
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react with cotton in quite the same way as hydrochloric or sulphuric acids, 
oxidised cellulose being produced with or without hydrocellulose. Moreover, 
it forms esters or cellulose nitrates Cold concentrated acid has a mercerising 
effect According to Knecht and Lipschitz {J.S.C 1 , 1914, p. 117) this action 
bigins only at a strength of 76° Tw , the maximum effect being produced at 
83° Tw Cotton soaked in cold mtnc acid of these concentrations shrinks, 
acquires an increased tensile strength, and a greater affinity for basic, direct, and 
sulphur dyes. The microscopic structure of the cotton is also affected, becoming 
very similar to that of mercerised cotton The action of the mtnc acid is very 
rapid, being complete in about five minutes If the nitric acid be washed out 
under tension to prevent shrinkage, the cotton acquires also a silky lustre The 
authors consider that the first action of the nitric acid is to form the nitrate 
CjHijOsHNOs which is decomposed by washing into cellulose and mtnc aci^ 
Prolonged action for from four to six hours gives a stable nitrate, the nitrogen 
content of which increases up to a maximum, and then by continued contact 
with the mtnc acid diminishes to a negligible quantity The extent of the action 
depends upon the concentration, temperature, and time of action of the nitric 
acid With constant concentration, the time required to produce a given result 
is shortened by increasing the temperature Thus with acid of 83° Tw the 
maximum amount of firmly combined acid was obtained in three hours at 31 ° 0 
Raising the temperature to 61° C. caused the exjiulsion of all the nitric with 
the formation of oxycellulose At coucentr.ition8 below 76° Tw no mercerisation 
18 produced but sinqily oxycellulose Cold concentrated nitric acid decomposes 
cotton comjiletely with the formation of oxycellulose and simpler conijiounds, 
such as oxalic acid The action is of course much more rapid at higher tempera- 
tures. When cotton is boiled with moderately dilute mtnc acid, eg bO per cent , 
it IS first changed into oxycellulose, which on ])rolonged boiling breaks down, 
gradually forming oxalic acid Even very dilute solutions gradually produce 
the same result accunijiamed by rapid loss of tensile strength 

Haeussermann describes the action of mtnc acid as follows • With cold acid 
adsorjition takes place first, but if contact be prolonged esters are formed, with 
acid of specific gravity of 1-36 The rate of esterification rises rapidly with the 
increase in concentration of the acid, and is very marked at sjiecific gravity 1-45 

Actiun. 

Pibholves (■otUin immediately U'lie 
produetM an- iin-eiiateted by water 
Diascdves ciittim when warmed, giving 
first Ilf all nitrocellulose 
Oxidises cotton on the watei bath, giving 
oxycellulose and soluble jiroduets 
Disinh grates cotton, yielding soluble 
products 

Many patents have been iqiplied for with the object of producing wool-like 
effects on cotton based ujion the above facts They consist generally of soaking 
the cotton in cold nitric acid of from 65 to 75 jier cent, strength for periods 
va.T*'*ff from a few minutes to half an hour and then washing with water. 
Accd.rdmg to the process of Gillet et Fils {J.S C I., 1920, 654a), wool-like 
chararfiteristics can be imparted to vegetable fibres by simple immersion in 
mtnc ab’^d (65 to 75 per cent ) for not more than haff an hour, followed by 
washing vT'th water The fibres may be treated in any stage of their prepara- 
tion anj tlitt’ temperaturo should be less than 20° C If mtnc acid stronger than 


The following details are given — 

SiK-eifie (Jravity 
uf Acid 
1 4b9 1 47G 

1 45 

1 3 

1 2 
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75 per cent, be used, the treatment must be carried out more quickly. Print 
efiects may be produced directly or by means of reserves. The fibres so treated 
increase in weight. 

In another method {J.S.C.I., 1920, 542a) it is claimed that cellulose fibres 
coated with mtrated starch compounds have wool-like properties, are strong and 
soft, and dye directly with basic dyes. The fabric is treated for several minutes 
at 5° to 20° C with a solution of starch in 65 per cent, nitric acid, then pre- 
ferably treated with a solution of any suitable salt to aid the precipitation of 
the nitrated amylaceous substance, and afterwards washed Alternatively the 
fabric may be first dressed with a starch paste, dried, treated with 65 per cent, 
nitric acid, the excess acid expressed, and washed Print effects may be pro- 
duced with the nitrated starch 

Cold dilute nitric acid has no action on cotton, but if allowed to dry a nuxture 
of hydrocellulose and oxycellulose is produced When cotton is treated with a 
cold mixture of concentrated nitric and sulphuric acid, cellulose nitrates (or 
nitrocellulose) are formed.. Many nitrates have been described, the product 
varying with the conditions of the reaction The most important are the tri- 
and tetra-nitratcs, the formation of which is represented by the equatio'ns 

C.H„05+3HN03=C,H,0*(N0,)3+3Hs0, 

C3Hio03-t-4HN03=C3H303(N03)3+4H30. 

Nitrocellulose silk, colloidon, celluloid are prepared from mixtures of the tn- 
aud tctra-nitrates Gun cotton is also mtrocellulosc The tri- and tetra-nitrates 
dissolve readily iii a mixture of alcohol and ether and in otlier organic solvents. 
The solution in alcohol and ether constitutes colloidon, while combined with 
cam])hoT the residue after removing the solvent is celluloid Artificial silks such 
as Chardonnet, Leliner, and Uu Vivier are all derived from nitrocellulose (p 162) 
Nitrates of cellulo.se are decomposed when heated with sodium or potassium 
hydroxide with the formation of the nitrate of the metal and cellulose — 

C,H,03(N03),+3K0H=C,H,03(0H)3+3KN0,. 

The Action of Alkalis. — While acids “ tender ” cotton, alkalis, except under 
certain conditions, do not Mild alkalis, such as borax or sodium carbonate, 
have no deleterious action, in the absence of air, either in cold or boding solutions. 
In the presence of oxygen their prolonged action, at high temperatures, may 
produce oxycellulose and tendering Dilute solutions of strong alkalis act in 
the same way as mild alkabs In the absence of air, cotton may be heated, under 
pressure, with a dilute solution of sodium hydroxide (e.g 2 per cent ) for some 
hours without becoming tendered. But if air be present, and particularly in the 
presence of an oxygen earner, such as iron or copper oxide, oxycellulose is pro- 
duced. This can be demonstrated readily by boiling cotton in a dilute solution 
of sodium hydroxide containing a little manganese chloride and passing a stream 
of air through the boiling liquid. If cotton yarn be u.sed for the experiment, it 
will be found to lose its tensile strength very rapidly and to give the reactions 
for oxycellulose. 

Cotton has the power of adsorbing sodium hydroxide from its solutions. It 
IS a matter of common knowledge that, after boiling cotton with caustic soda 
solution as in bleaching, much washing is required to remove the last traces 
of the alkali If cotton be soaked in a solution of sodium hydroxide, the con- 
centration of the solution is found to dimmish These facts indicate that some 
of the sodium hydroxide has been withdrawn from the solution with the formation 
of an unstable compound which is commonly termed alkali cellulose. This 
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compound was observed first by Mercer, who stated that a definite chemical 
compound is formed corresponding to the formula (CeUiaOc )2 2NaOH which 
when washed with excess of water breaks down and forms cellulose hydrate 
(CgHjoOglg H 2 O. He observed, further, that when cotton yarn was treated 
With a cold concentrated solution (20 to 30 per cent ) of sodium hydroxide, and 
subsequently washed with water, certain new properties were developed, viz — 

1 It acquired an increased tensile strength 

2 A considerable shrinkage occurred 

3 It had an increased afiinity for direct dyestuffs 

These exjieriments resulted m the development of the process of niercerisation, 
which will be described later But, apart from niercerisation, the shrinkage 
produced by cold concentrated solution of sodium hydroxide is made use of for 
producing general shrinking or local or crepe effects It is also available for the 
production of a more deejily dyed jmttem on a lighter ground of the same colour 

The reaction between sodium hydroxide and cotton was studied, further, 
by Gladstone His method, according to Hubner and Teltscher (J SC 1 , 1909, 
p. 64 1 ), consisted in immersing cotton m sodium-hydroxide solutions of varying 
concentrations, pressing out the excess of the reagent and washing the residue 
repeatedly with alcohol The washed cotton was then dried in a vacuum and 
the combined sodium hydroxide determined from the increase in weight, or by 
washing it out with water and converting it into sodium sulphate, which was 
then weighed From these experiments Gladstone concluded that only a portion 
of the sodium hydroxide could be removed with alcohol, the residual comjiound 
having the formula (G,Hi„0b)j NaOH This was resolved by water into 
cellulose hydrate, (ObHibObI^HjO Gladstone’s work, which is of historic interest, 
has been the subject of much discussion and expenment 

Hubner and Pope (J SC 1 , 1904, p 404) concluded, from measurements of 
shrinkage and affinity for dyes, that cotton yams adsorb sodium hydroxide, in 
rapidly increasing amounts, from solutions of from 20 ' to 26° Tw The 
adsorption increases more slowly between 26° Tw and 30° Tw , and reaches a 
maximum at 45° Tw. These authors fcmiid that— 

1. Cold caustic soda of 1° Tw has a considerable effect in increasing the 
afiinity of cotton for direct dyestuffs, and from 0° to 18° Tw the increase 
in afiinity for the dyestuff is roughly proportional to the concentration of the 
soda used in the previous treatment of the cotton 

2. Between 18° and 22° Tw. the increase in concentration of the soda has 
a greater effect in increasing the affimty of the cotton for dyestuffs than a corre- 
sponding increase of concentration of soda of lower strength 

3. The effect referred to in (2) becomes greater with soda of density 22° 
to 26° Tw , and much greater still with soda of from 26° to 30° Tw 

4. Above 30° Tw , however, an increase in strength of the soda exerts a less 
effect than before m increasing the affinity of the cotton for the colour, so that 
raising the strength of the soda solution from 30° to 40° Tw. has only about the 
same effect in increasing the affinity of the fibre for colour as increasing the 
concentration of the soda from 26° to 28° Tw. or from 28° to 30° Tw. At above 
45° Tw increased concentration of the soda produces but little effect in heighteii- 
i^ the shade produced on dyeing, so that practically the maximum increase m 
aMity for colour is got by treating with soda of any concentration between 
55° Tw. and 70° Tw , and an experienced eye is needed to see that the dyeing on 
the hank treated with 70° Tw. soda is stronger than that on the hank treated 
with 65° Tw. soda. 
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5 As the concentration of soda used in mercerising is increased above 70° Tw , 
an actual diminution in the affiiuty of the fibre for the dyestuff accompanies the 
increase in concentration , thus, the hank treated with soda of 70° Tw. dyes much 
more strongly than does that treated with 80° Tw. lye This reversal of the 
action of the soda is of so strongly marked a character that the hank treated with 
soda of 80° Tw dyes to the same shade as that treated with soda of 35° Tw. 

Another interesting fact, observed by Pope and Hubner, is that while so 
dilute a solution of sodium hydroxide as 2 per cent distinctly increases the afiimty 
of cotton for direct dyes when used cold, yet if cotton be boiled with it, no 
increase can be detected The shrinkage was measured also by Pope and Hubner 
They found that with concentrations of sodium hydroxide of ]° Tw it was 
appreciably greater than that produced by water alone It increases fairly 
uniformly up to a concentration of about 18° or 20° Tw , whilst at 20° Tw. a 
sudden increase m the amount of shrinkage effected is observed to occur. Above 
20° Tw the shrinkage increases with the concentration more rapidly than before, 
the greatest effect being obtained at 45° Tw. As the concentration increases 
above 45° Tw. the shrinkage observed diminishes continuously until the con- 
centration of 80° Tw. 18 reached. It will be noted that the maximum shnukage 
and affinity for dyestuffs are both developed together These experiments seem 
to indicate the formation of definite compounds of cellulose and alkali. 

Vieweg (JSCl, 1907, p 1 1 57 ) arrived at .similar conclusions using a different 
method He used solutions of sodium hydroxide of acciiratelv determined 
strength After allowing the cotton to soak m these, the coiiceutratioii of the 
solution was determined again by titration and the percentage of alkali adsorbed 
by the cotton calculated from the difference between the titrations The curve 
expressing the percentages of sodium hydroxide taken up by the cotton shows 
two horizontal portions iii its rise corres})oiiding to points where further increase 
111 the concentration cau.se no increase in the percentage taken up by the cellulose 
The first of these two horizontal portions begins at a concentration of 16 grammes 
of sodium hydroxide per 100 c.c and extends to 24 grammes per 1(X) c c It 
corresjionds to a removal of 13 per cent of sodium hydroxide on the cellulose, 
te to a molecular ratio expressed by the formula NaOH. The 

second horizontal Yjortion begins at a coiiceutratioii of 35 grammes per 100 c c 
It corre.sponds with an adsoqition of 24 per cent of sodium hydro.xide or with 
the formula ((.''dHjoOgljj 2NaOH. Vieweg suggested that alkali cellulose is a 
definite chemical compound of the composition CigHigOipNa, which is capable of 
combining with more sodium hydroxide until the compound CigHigOipNa NaOH 
IS produced But m another paper (JSCl, 1907, p 836) he proposes the 
formula (OgHjpOgln NaOH, the factor n varying according to the concen- 
tration of the alkali, becoming smaller with increasing and greater with 
decreasing concentrations Under the most favourable conditions for mercerisa- 
tion n becomes umty 

But, on the other hand, Hlibner and Teltscher (J.S C.1 , 1 909, p 641 ) arrived 
at different conclusions, by repeating Gladstone’s experiments under more 
accurate conditions They found that by very thorough and continuous washing 
with alcohol, almost the whole of the sodium hydroxide could be removed 
from cotton, after treatment with solutions of from 1° to 20° Tw With con- 
centrations above 20° Tw the alkali-cellulose compound is more resistant to 
the action of alcohol Between 23° and 26° Tw. the adsorption of sodium 
hydroxide rises rapidly, and thereafter slowly to a maximum at 40° Tw. 
But m all cases sufficiently prolonged washing with alcohol removed nearly all 
of the alkah. After washing with alcohol till no trace of alkalinity could be 



138 


iLKAoanra akd jmsHnro of oottoit. 

detected iu tne cotton, it was ashed and the sodium in the ash estimated as 
sodium sulphate. The authors concluded that the distinct alkali-cellulose 
compounds descnbed by Gladstone and Vieweg do not exist. Their results 
are illiistrated by the following graph The washing curve (hg. 44) indicates 
the. number of changes of alcohol required to free each sample from sodium 
hydroxide 

' Rassow and Wadewitz {JSC I., 1924, 289b) arrived at the conclusion 
that alkali cellulose is a defanite compoimd of the formula CjHioOg.NaOH. 
When cellulose is treated with 18 to 20 per cent sodium-hydroxide solution and 
the excess pressed out, the remainder of the free alkali can be washed out with 
absolute alcohol till a stage is reached when the alkali is only removed at a slow 
but constant rate by “ alcoholysis ” of the compound CjHjoOj NaOH Ulti- 
mately the whole of the alkali can be removed, leaving regenerated cellulose, 
which explains the results of Hubner and Teltscher Experiments made with 
solutions of sodium hydroxide of concentrations of from 10 to 40 per cent 
indicated an equilibnum between cellulose, alkali, alkali cellulose, and water. 



With 35 per cent of alkali, conversion into CgHioOg NaOH is jiractically complete 
The compound is not formed by the action of sodium ethoxido in alcoholic 
solution, nor by the action of sodium on cellulose {vtde Vieweg above) 

Dorr (J Soc Dyers and Col., 1924, p 17) considers that certain reactions of 
alkali cellulose, such as the formation of xanthogeiiates, similar to sodium xantho- 
genate, show that it is a true alooholate of the formula L06H7Og(ONa)3]„ The 
formation of xanthogenate is shown in the equation 

/SNa 

(’2H5ON.1 I US*- S C< 

Leighton {J S C 1 , 19H5, ji 249) criticises adversely the methods of former 
workers, and from his own expenuients concludes that there is no evidence of 
the formation of any definite compound of alkali with cellulose 

“ Hubner and Teltscher’s experiments are unsatisfactory, because the quantity 
of soda remaining in the cellulose, after washing with alcohol, is a function of 
the temperature , their data show nothing m regard to the way in which cotton 
adsorbs sodium hydroxide from aqueous solution. The method employed by 
Vieweg (titration of the soda solution before and after contact with the cellulose) 
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is quite invalid, because the cotton adsorbs water as well 'as alkali from the 
solution. In the present experiments absorbent cotton was purified by heating 
for eighteen hours at 100° C. with a 2 per cent, sodium-hydromde solution, souring 
with dilute hydrochloric acid, washing with alcohol and ether, and drying at 
115° C. Trials having shown that one hour’s contact, as employed by previous 
investigators, was insufficient to determine equilibrium, portions of 1 to 2 
grammes each of cotton were shaken for three hours with 100 c c. of caustic 
soda lyes of various strengths. The cotton was then centrifuged in a brass wire 
basket, 4*5 inches diameter, rotated at 4000 revolutions per minute. The alkali 
retained was determined gravimetrically, after incineration with sulphuric acid 
and ammonium carbonate. It is assumed, provisionally, that after centrifuging 
for one hour, the cotton is freed from all adherent caustic liquor, the error involved 
by this assumption being lett for subsequent determination In the same 
experiments the caustic soda solutions were titrated before and after contact ; 
from the two sets of data it was then jHissible to calculate the adsorption of water 
as well as of sodium hydroxide. There is no experimental evidence of the 
formation of any chemical compound of cotton with sodium hydroxide at any 
stage of concentration, the grajihic representation of the results having the form 
of a perfectly smooth adsorption curve Some of the results obtained are set 
forth in the following table.” 


8(iliiti<ins, Grammes 
NaOH iicr Litre 

1 Gramme of Cotton AdBorU‘cl — 

Water, Unuumes 

NaUH, Grammes 

473 

0 82 

0 92 

350 

1 16 

083 

250 

1 66 

0 70 

160 

268 

060 

100 

366 

0 37 

76 

400 

0 30 

60 

400 

020 

25 

400 

010 


Still more recently, f’oward land Spencer (J Text I ml , 923, T 32) have 
reviewed and supplemented the work of the investigators mentioned already. 
According to these authors, “ Leighton has attempted a direct estimation of the 
total alk^i absorbed, by centrifuging away the excess liquors and determining 
the alkali remaining in association with the cotton He did not determine the 
water content of the mass, but attemjited an indirect estimation of it, in which, 
however, he became involved in an error which vitiated his results.” 

Coward and Spencer, by means of a special centrifuge capable of 8000 revolu- 
tions per minute, claim to have made the first direct detemimations of both the 
water and sodium hydroxide present m the alkali-saturated fibre. 

Samples weighing 8’5 grammes (dry) were immersed overnight m 100 c.c. 
each of solutions of known weight composition. They were then centrifuged 
for 7’5 minutes at the rate of 7000 revolutions per minute. The temperature 
of the experiments was from 15° to 18° C The amounts of sodium hydroxide 
and water removed from solutions of vanous compositions were calculated from 
determinations of the weight of dry cotton, the total centrifuged mass, and of 
the sodium hydroxide present m it as determined by titration. The original 
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paper should be consulted for full details, but the following conclusions mav be 
quoted here — 

“ The amounts of sodium hydroxide and of water absorbed by cotton from 
aqueous solutions of sodium hydroxide have been determmed directly over the 
whole range of solubility of sodium hydroxide at laboratory temperature, by 
means of the analysis of centrifuged material The curves for total sodium 
hydroxide are comjilex and give no indication of the formation of defamto chemical 
compounds, noi are they of the form commonly found for simple adsoiption 
On the other hand, the preferential absoqition of sodium hydroxide b> loose 
hbre and by fabric, is approximately jiroportional to the com entration ot the 
solution in contact with the cotton , in this case also there is no evidence of 
the formation of definite comjiounds, but the foirn of the curves is not iiicon 
sistent with the view that a series of compounds of the general formula 
(NaOH)„ is formed 

“ The n iture of one factor concerned mthe absorption becomes clear when the 
volume of the absorbed substance is calculated It ap]>ears that the cotton 
hairs swell to an increasing extent as the percentage of sodium hydroxide uses, 
up to a limit swelling equal to nearly thiee times the oiiginal volume This 
Lmit is reached at about 14 3 per cent NaOH, and no further swelling occurs 
in stronger alkali It is concluded that the cuticle of the hair is responsible for 
this limitation, sm< o the contents of the hair are c apablc of imu h greater sw elling 
when unconstrained by cuticle 

' W hen the cotton hairs are not loose, but arc present in > am w hic h has been 
woven into fabiic , simil.ir results aie obtained, exi ejit th it the m iMinum swelling 
IS then much less, on account of the additional constraint imjiosed by the fabric 
as a whole on the individual hairs 

“The thesis that there is a geneial jiarallclism between the technical icsults 
of merccnsation and the swelling deduced from the above ex])eiiments has been 
dexeloped to explain tlie su}»erior results obtainable in mercerising yarn as 
comjiared with cloth, and to show that the difficulty of peneti.itioii of cloth by 
alkali IS not the sole cause of incomplete nieicerisatiou in pr.ictice In addition, 
the residual sw clhng m fibre mertensed and w ished bas been measured and shown 
to be closely propoitional to the absorption of beiiiCO jnirpurm 4B as measured 
by Knecht, and the dimuushed swelling of such fibres on soaking in watei alter 
drying has been correlated with their well known cliimmsbed ‘ afhiiity ’ for 
dyestuffs after drying 

Very marked hysteresis in the shrinkage of cotton fibre on replacement of 
mercerising solutions by weaker solutions has been observed, and the results 
give a reason for the necessity in technical operations for retaining cloth under 
tension until almost the whole of the caustic soda has been remo\ ed ’ 

Mercerised Cotton.— Although Mercer’s observations in 1844 laid the 
foundations of the jirocc'ss which now bears his name, yet they were not success- 
fully applied till a long time afterwards This was due c hiefly to the fat t that 
the increased tensile strength .lud affinity for dyestuffs, although valuable for 
certain purposes, did not compensate for the loss of length involved It was 
not until 1889 that Lowe discovered that the same effects were produced if 
shrinkage were prevented b / c arry mg out the process under tension Moreover, 
an additional important property was at the same tune imparted to the cotton 
yam, namely, a greatly increased lustre This was made use of by Thomas and 
Prevost in 1896, and the application of the process of mercerisation on a com- 
mercial scale dates from this year 

The special properties of mercerised cotton are — 
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1. An increased tensile strength. 

2 An increased lustre. 

3 An increased affinity for direct dyestuffs. 

4 A greater receptivity for mechanical dressing operations 

5. A greater reactivity towards chemical solvents and reagents 

6. All increased capacity for absorbing water. 

7 When earned out without tension a decrease in length 

8 An alteration in microscopic structure. 

The process can be applied either to cotton yams or piece goods In the 
case of the former, only longitudinal tension is required, but with piece goods 
both lateral and longitudinal tension are necessary The goods are simply 
impregnated with cold concentrated sodium hydroxide and then washed thoroughly 
with water under tension It is immaterial whether the tension be applied 
throughout or only during the washing 

The following is a brief description of the process First of all it is essential 
that the goods should be perfectly permeable To ensure this, they are scoured, 
even if already bleached, with a boiling solution of soap and sodium carbonate, 
and then washed and hydro-extracted. Unblenched cotton is not so often 
mercerised, but when it is, it must be completely scoured first After scouring, 
the yarn is soaked in a cold solution of sodium hydroxide of from 55“ to 65“ 
Tw (k]) gr I 30), generally under tension, at a temperature not exceeding 
65" F. If the yarn be thoroughly permeable the action is very rapid, requiring 
not more than ten to fifteen minutes for completion. It is then squeezed, rinsed 
with cold water till nearly free from alkali, treated with dilute acetic acid to 
neutralise the last traces of alkali, and again washed thoroughly with water and 
dried If scroop be required it is soaked, before drying off, m a 0 5 per cent, 
solution of acetic or tartaric acid, and squeezed If not scrooped, soaping, before 
drying, improves the lustre As a general rule goods are mercerised after bleaching 
but before drying, but the be.st results are obtained with bleached dry cotton 

The condition in which goods are mercensed is determined by circumstances. 
These are excellently described by Clibbens (J Text Inst , 1923, T 225) as 
follows “ There are many factors which help to determine in practice whether 
a yarn or fabnc shall be mercensed m the grey or m the bleached state. On 
the one hand, since material mercerised m the grey condition receives an alkali 
boil in a subsequent bleaching process, it is often unnecessary completely to 
remove the mercerising alkali by thorough washing or by acidification. On 
the other hand, bleached cotton does not require a preliminary water boil to 
facilitate the penetration of the mercerising alkali, as is the case with grey cotton, 
which must therefore be mercerised wet This not only has the effect of diluting 
the alkali, but also causes a danger of irregularities arising from an accidental 
local drying between the boiling process and the actual mercerising Bleached 
material, on the other hand, is usually mercerised dry, and such irregularities 
are then more easily avoided Much mercerised yam is used to produce a weaving 
design on fabric of unmercerised yam ; such fabrics must be bleached after 
weaving, and there is thus no object in using a mercerised yam which has already 
been bleached The dilute alkaline liquors obtained as washings from grey 
mercerised matenal are, however, more difficult to concentrate and to recausticise 
satisfactorily, since they contain many impurities extracted from the raw cotton 
and the size. With fabrics of low tensile strength, it is sometimes more expedient 
to mercerise in the grey state on account of the resulting increase in strength, 
which facilitates the subsequent manipulation of the fabric in rope form. Finally, 
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it has been suggested that mercerised cotton, owing to its greater chemical 
reactivity, may be more liable to ‘ modifications ’ in the bleaching process than 



Fio 4!i — Hank meivciwmg machine 


unmercerised cotton, and that for this reason material should be bleached before 
mercensation There exists at present no very definite evidence for or against 

this view. If, on the other 
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hand, an ‘ oxycellulose ’ is 
formed by slight over-bleach - 
mg, a subsequent merccrisa- 
tion results in the dissolution 
of this oxycellulose by the 
alkali, and its re precijiitation 
on the material during washing 
or aciditication ; this is known 
to give a harsh feci to the 
material. It is sometimes the 
practice to carry out the alkali 
kire boil before mercensation 
and the hypochlorite treatment 
after mercensation.” 

Cotton yarns are commonly 
mercerised m the hank form, 
being impregnated with the 
sodium hydroxide and washed 
under tension on a hank mer- 
cerising machine. 

One by Messrs S Spencer & 
Sons is illustrated in fig. 45. 

In the Fnednch machine 
(fig. 46) (Fr. Pat 424247, 
1910, JSOI, 1911, p. 742) 
a rather different mechanism 


IS involved Along opposite 
walls and near to the bottom of a rectangular tank, a (into which mercerising 
bquor can be led from a reservoir), are arranged horizontal grooves, d, formed by 
rods, b, c, placed one above the other, the upper rods being shorter than the lower 
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ones so as to permit the ends of the tension rollers, e, to be easily introduced into 
the grooves These rollers are prevented from moving laterally hy pegs, /. By 
means of hinged devices, q, the height of the walls which support the grooves 
can be increased so as to subject the yarn hung over the rollers, h and c, to the 
required tension during the mercerising process When the hinges, g, are turned 
down, the distance between the rollers, h and e, is such that the hanks can easily 
be placed on or withdrawn from them. The upper tension rollers, h, are provided 
with means, «, for t urning them, and thus keeping the stretched yarn in continuous 
and reversible motion during the mercerising process 

Cotton yarn may be me censed also by the warp process In this, the yarn 
IS run continuously, m warps, through scouring, impregnating, and washing 
comjiartments, being finally wound on drums or bobbins. 

J’leci' goods are, genera lly, impregnated with the sodium-hydroxide solution 
in a mangle without tension As soon as impregnation is complete, the cloth 



is fed on to a travelling clip stenter which stretches it to its full extent A 
mercerising machine by Sir James Farmer Norton & Co , Ltd , is .shown in fig 47 

As the cloth travels down the frame, it is washed by a senes of syirinklers 
Clean water is u.sed for the sprinkler at the farthest end, the washings from this 
are pumped to the next, anil subsequently in rotation to the others. Thu.s the 
washings from the sprinkler nearest the impregnating machine are the most 
concentrated These are treated with calcium hydroxide and, after claiifying 
and strengthening, used over again After leaving the stenter the cloth is again 
washed, treated with a dilute acid, and finally washed till free from acid 

A different arrangement is shown in fig 48, which illustrates Matter’s apparatus 
( J.S C /., 1908, p 1201 ) for the impregnation with the lye and its extraction and 
recovery. 

Inside a tank, a, is arranged a vessel, b, which has an inclined floor and is 
divided by vertical partitions, c, into compartments, d, d^, d®, etc In these 
compartments are arranged partitions, c, which are shghtly removed from the 
partitions, c, and from the floor of the compartments, so that the liquid can fall 
between two partitions, c and e, from a higher to a lower eximpartment. The 
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macbine is also provided with a number of rollers, g and /, arranged in the higher 
and lower parts of the machine respectively. Vertical walls, p, g, provided with 
a water-sealed cover, s, isolate and make air-tight one part of the apparatus, by 
dipping into the liquid contained in the compartments i and i*. The fabnc t, 
coming from the mercerising machine, passes through the apparatus as shown 
in the figure, and then on to drying cyhnders, n, o. The extraction qf the lye 
from the cloth is cfFccted in the sealed part of the machine. A senes of tubes, v, 
arranged transversely in the machine, are so disposed that the cloth comes in 
contact with them and receives the full force of a steam blast, issuing from perfor- 
ations in these tubes Shortly after it has left each steam pipe, the cloth passes 
over a transversely arranged rod, w, which expresses the solution produced by the 
action of the steam on the lye contoned in the cloth, and causes it to run down 
into one of the compartments, d, d^, etc. Before reaching the drying cylinders, 
ti, 0 , the cloth IS subjected to a jet of water issuing from a pipe, z This water 
subsequently runs down into the compartment d®, and travels through the 
ajiparatus till it reaches the compartment d! By regulating the flow of water 
from the jiijie 2 , the strength of the solution which is finally drawn from the 
apjiaratus can be adjusted at will. 

The following jirocess, dispensing with the use of a stouter, is described by 
Scheurer, Ijiiuth et (he (J <SV 7 , 1923, 6.51 a), m a sealed note The fabnc 
IS imjiregnatcd w'lth the caustic soda solution in an ordinary padding machine, 
lieing wound on the npjier roller of the machine and maintaining it there under 
pressure so that it cannot shrink In the process of unrolling the fabric is sprayed 
with, or imnierseil in, an acid and then wound immediately on an adjacent roller, 
covered with fabric, which has been mercerised without tension and wa.sbed, so 
that contraction of the aciilified fabric is prevented. Since the sodium hydroxide 
IS neutralised instead of being washed away with water it cannot be recovered 
T/ir IfnifitraluT/- of (ho )onr(‘>o» is of importance Clibbens (J Tesi. Inst , 1923, 
T 224), 111 a review of the proce.ss, states that it appears certain that the effect 
of temperature upon lustre varies greatly with the concentration of the alkali 
used With dilute solutions of caustic soda a much better lustre is produced 
at a low, than at a high, temperature, so that a solution considered ordinarily 
as being “ below mercerising strength ” may be made effective by lowering the 
temperature But for solutions containing 20 to 36 per cent , the effect of 
temperature is not so marked, and refrigeration of the mercerising liquor can only 
be useful if dilute solutions containing from 10 to 15 per cent of sodium hydroxide 
are employed But the patent proce-sses of Heberlem described above should 
be referred to, in which it is claimed that concentrated solutions of sodium 
hydroxide at low temjieratures produce permanent transparency, especially if 
followed by treatment with sulphuric acid 

Iliibner and Pope (J tS C 1 ,1 904, p 404), who studied the effect of tempera- 
ture upon lustre with concentrated mercerising solutions, found that the lustre 
produced at high temperatures (90° C.) was less than that at ordinary tempera- 
tures Harrison (J. Soc Dyers and Cof , 191.’>, p 198) and Knecht and Harrison 
( J. Soc Dyers and Col ,1912, p. 224) reached the same conclusions. But Clibbens 
{Ion ctt.) states that the same lustre is produced on yam with 30 per cent 
caustic soda at 15° C. and at 90° C., that mercerised at the higher temperature 
appearing more transparent 

Meissner, however (J Text. Inst,, 1924, 187a), states that when caustic soda 
of 53° Tw. is used, temperature has no marked effect and ccxilmg is unnecessary. 
But more dilute solutions, when cooled to from 0° to 10° C , have a greater 
mercerising action than solutions of 53° Tw at ordinary atmospheric temperatures. 

10 
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Barratt and Lewis (J Text Inst , 1922, T 17) measUTod the heat generated 
when sodium hydroxide arts on cotton. They found that the “ heat of mercer- 
isation ” increases with the concentration of the caustic soda solution used, 
though it IS not proportional to it When grey or sized cloth is mercerised an 
appreciable rise of temperature may occur, and hence some system of cooling 
the liquors to atniosjihenc temperature is desirable 

It IS not possible to produce .nn equally good lustre with every class of yarn 
As a general rule, hard twisted warjis cannot be mercerised On the other hand, 
the lower the twist the better is the lustre Olibbens states that “ the limit is 
set by the lowest twist which will give sufBcient cohesion to the hairs to prevent 
them from slipping apart under the applied tension. The lustre may therefore, 
in this sense, be dependent upon the staple length, since the twist necessary to 
give sufficient cohesion to the hairs, in the case of a yarn spun from long staple 
cotton, will be less than that necessary in the case of a yarn spun from short 
staple cotton ” A greater lustre is also obtained with double than with single 
yarns In the case of piece goods a faced cloth, such as sateen, gives the best 
results when mercerised Willows, Barratt, and Parker (JSGI, “ Keports 
on Applied Chemistry,’’ 1922, vol vii p 110) have studied the merccrisation 
process by treating single hairs with sodium-hydroxide solution under different 
conditions Their experiments indicate that about three minutes are required 
for completion of the change At ordinary temperature the axial contraction 
of the fibre increases rapidly with the concentration of the alkali, till a maximum 
IS reached at a concentration of about 30° Tw. (sp gr 1 '].*>) At 40° Tw (sp 
gr ] 2) a minimum contraction is observed, while at .’>0° Tw (sp gr. J’25) a 
second flat maximum develops, the confraction ajiproaehing zero as the con- 
centration of the alkali reaches 86° Tw. (sp gr. 1-43) The temperature of tlie 
treatment is important m determining the concentration at which contraction 
occurs and its periodical recurrence Well-defaned maxima occur at 0°, 18°, 45°, 
and 85° C The concentrations at which the maxima occur shift with increase 
of temperature, and at periods beyond each absolute maximum contraction there 
IS a rapid decrease, which at 85° (' is most marked and actually becomes an 
extension If has been mentioned, above, that effects similar to mcrcensation 
can be jiroduced by other reagents than sodium hydroxide Potassium hydroxide 
IS not very effective, more concentratetl solutions being required than in the ca.se 
of caustic soda Mercer found that zinc-chlonde solution of a sjiecific gravity 
of 145° Tw phosphoric acid, and a hot solution of stannous chloride containing 
three equivalents of water, all had a mercensing action He noted, also, that 
solutions of sodium hydroxide which are too dilute to produce merccrisation 
became effective when sufficient zinc hydroxide is added to produce the pro- 
portions Zn(OH)2 to 4NaOH 

Hubner and Po])e {J SCI , 1903, p 70) obtained very similar effects with 
saturated aqueous solutions of jiotassium iodide and calcium thiocyanate of 1'3 
specific gravity, or a solution of the same specific gravity, m which part of the 
thiocyanate is replaced by calcium chloride, may also he used. The mercerising 
action of cold hydrochloric acid is pecuhar Knecht (/ S C /., 1915, p. 134) 
found that when cotton was soaked in a cold solution pf hydrochloric acid of 
1*18 specific gravity and then washed it shnnks by about 8 per cent , and acquires 
an increased affinity for dyes but without any change m microscopic appearance. 
No increased lustre is produced, however, if the process is carried out under 
tension. 

With regard to the action of zinc chloride, Deeming (/■ Soc Dyers and Col , 
1923, p 306) notes that a 40 per cent solution gelatimses cotton at a moderate 
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temperature and then dissolves it At a concentration of 50 per cent there is 
slight untwisting and slow swelling of the hairs, while at 59 per cent., with a 
temperature of from 65 ° to 71 ° C , mercensation occurs. A 74 per rent, solution 
gives crepon effects, and a silky lustre when printed on fabncs and dried at 
40 ° to 50 ° C It IS of interest to note that alcoholic solutions of sodium and 
potassium hydroxides do not mercerise cotton but produce hydrocellulose 

The addition of various assistants to the mercerising bath has been patented, 
sometimes with the object of preventing shrinkage and thus doing away with the 
necessity for tension, and, at other times, simply to assist penetration of the 
lye. But decreased shrinkage is always accompanied by decreased lustre Krais 
{JSCL, 1913 , p 19 ) found the maximum shrinkage to be 31-3 per cent, 
decreasing with rise of temperature and also in the presence of such bodies as 
alcohol, dextrin, sodium carbonate, and salts Hence the importance of purity 
of the lye, since the maximum lustre accompanies maximum shrinkage. It has 
been mentioned above that the action of sodium hydroxide may be made use of 
for jirodueing other effects than mercensation Two examples may be given. 
Cross and Bevan (Eng. Pat 126174 , 1918 , / , 1919 , 458 a ) have patented 

the following process for producing hydrated derivatives Fibrous cellulose is 
treated with caustic soda lye of concentration insuflficieiit to produce mercerisa- 
tion, e g. containing 6 to 11 per cent of sodium hydroxide The treated cellulose 
is exposed, either simultaneously or subsequently, to the action of carbon bi- 
sulx'hide for six to twelve hours, and is afterwards treated with water. The 
cellulose fibres arc by these means considerably hydrated or swollen to an extent 
depending on the proportion of alkali to cellulose in the original treatment, and 
on the temjieraturo at which the alkali was caused to act For example, raw 
cotton fibre is treated with 2 5 to 3 0 times its weight of caustic soda lye con- 
taining 9 per cent of sodium hydroxide and exposed in a closed vessel to the action 
of 15 per cent of carbon bisulphide calculated on the weight of cellulose The 
hydration effect is then developed by washing the treated fibre with water, or it 
may be deferred by washing with brine, the hydration being developed at a later 
“tiige by tre.itment with water In a second patent {J K C 1 , 1919 , 759 a ), 
cotton textiles or spinner’s raw cotton materials are treated with caustic alkali 
of strength below that which produces the effects of mercensation, whereby the 
material is imjiroved in elasticity and extensibility A suitable caustic lye may 
contain 5) jier cent caustic soda, but the strength may be varied somewhat and 
the treatment carried out between 1 5 ° and 50 ° C. 

Cotton which has been “ sthcnosised,” that is, treated with formaldehyde, 
cannot be mercensed. According to a jiatent jirocess, cotton is treated with 
formaldehyde in the presence of feme chloride, calcium chloride, or alum It 
IS then dried in a vacuum, when tnoxymethylenc is formed. On stovmg the 
dry cotton, condensation products arc formed with the cellulose, which make 
it resistant to the action of water, alkab, etc The same process may be applied 
to artificial silk to improve its strength, particularly when wet, or to protect it 
from damage when cotton is mercerised m its presence. The addition of various 
other protecting agents, such as alcohols, glycerol, or monoacetin, has been claimed 
(US. Pat 1316958,1919) 

The Properties of Mercerised Cotton. — The increased lustre of mercerised 
cotton will be dealt with in the next section m connection with the microscopic 
structure With regard to the increased affinity for dyestuffs, it has been noted 
that this depends directly upon the strength of the caustic soda solution used 
in mercerisation. Enecht founded a quantitative method of determining the 
degree of mercensation upon the estimation of the amount of benzo-purpunn 
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in which a sample of mercerised cotton will absorb. Pope found that boiling 
mercerised cotton with water increased its affinity for direct, while decreasing 
that for basic, dyestuffs The increased tensile strength in the case of individual 
hairs has been measured by Barratt {J. Soc. Dyers and Col., 1922, p. 117), who 
uses an apparatus built up from a small Ocrtling balance 

“ The right-hand pan of the balance is removed and, in its place, a bundle 
of steel piano wire is hung vertically with half its length inside a solenoid of 
covered copjier wire, through which an electnc current con be sent and accurately 
measured by means of a sensitive ammeter 

“ A small weight takes the place of the left-hand pan 
in order to counterbalance the mass of the magnet on the 
right An auxiliary knife-edge E (fig 49) is i:"'dly 
clamped about half-way along the left arm of the balance, 
and an easily removable clamp FNA, for holding the end 
(A) of the fibre to be tested, is suspended from it The 
other end (B) of the fibre AB is clipped vertically in 
another adjustable clamp BC, which is attached firmly at 
0 to the central pillar of the balance The fibre, usually 
of length 13 6 nun., is mounted by means of rubber 
solution in small double paper squares, as shown in 
fig 50 

“ The fibre is first inserted at A, the nut N pushed 
upwards into position to grip the paper square, and the 
clamp FNA hung on the knife-edge E The adjustable 
clamp B of the attachment B(J is moved into jiosition 
vertically below A, and the end (B) then secured firmly 
by means of the screw 1). The balance can then bo put 
m adjustment by lowering the beam supjiorts, so that the 
smallest possible strain is put on the fibre With the help of the counterbalance 
it can be so arranged that when no current is passing through the solenoid the 
pull on the fibre .shall not exceed 5 mgiii {le about lo’iiotb part of the strain 
that an average cotton fibre will bear without breaking) The pull on the fibre 
can be increased gradually by jiassing a current through the .solenoid, the magne- 
tised wires being sucked into the solenoid with a force which dejieiids on («) 



l'’ia 49 — Baiiatt » 
iipjiarslus 



Fia .W — Barrstt’s apparatus 

the strength of the magnet (which remains sensibly constant), and {b) the amount 
of current jiassing through the solenoid (which is accurately measured by an 
ammeter and controlled by a sliding resistance) This method of applying strain 
to the fibre avoids sudden jerks A pull is applied gradually and evenly by moving 
the contact slider, and can be increased or decreased at will and accurately 
measured at any instant. 

‘ ‘ Calibration of Ammeter. — This is done by susfiendmg different weights 
from 0-2 to 15 grammes from the clamp FNA in place of the fibre , the readings 
of the ammeter being observed when the current through the solenoid is just 
sufficient to balance these weights. 

* * Measurement of Extension of Fibre. — In order to measure the extension 
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of the fibre under load, a small rectangular plane mirror was attached in a vertical 
position to the balance-beam and moved with it as the fibre extended or contracted 
Another similar mirror, facing the first but inclined at a small angle to it, was 
firmly secured to a stationary part of the balance. A beam of hght mcident on 
the first mirror (Mi, M^, fig. 51), at a small 
angle to it, is reflected three times at each 
mirror, and then passed on to a millimetre scale 
placed about 150 cm. away. 

“A small angular movement of the mirror 
Ml, Ml is sufficient to give a considerable dis- 
placement of the spot of hght on the scale. In 
the apparatus used, it was found that an ex- 
tension or contraction of only 0'0047 cm. of 
the fibre caused a movement of 1 cm of the 
spot along the scale, i.e. the magnification was 
over two hundred times {l/0‘0047). An ex- 
ceedingly .small elongation or contraction of the 
fibre can thus not only be observed but also 
very accurately measured. The scale is placed 
at such an angle to the beam of light that equal 
increments of expansion or contraction of the fibre always give very nearly indeed 
equal amounts of movements of the spots of light ” 

The results of a number of experiments made with scoured Egyptian fibres 
were — 
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Untreated fabivs . 

7-2 

74 

After mercensation utitli caustic 



soda 45® Tw. . 

67 

12 2 


The results show that mercerised hairs are slightly weaker than unmcrcerised, 
but when mercerised without tension their extensibihty is over 60 per cent, 
greater Greenwood (J Soc Dyers and Col., 1920, p 26) found, also, that 
inercerisation reduced the strength of individual hairs by about 20 per cent. 
This, together with the increaseil yarn strength, points to a greatly increased 
cohesion of the fibres in the yarn, due probably to the removal of the natural wax 
which would tend to act as a lubricant He gives the following summary of his 
expenments : — 

“ From the results obtained, it appears that yarn realises more of the available 
strength than has been previously assumed. Previous investigators have given 
20 to 25 per cent, as the strength realised, as against 67 per cent arrived at by the 
present author. There are three factors which may account for the difference, 
vis the number of fibres m the cross-section, the method of testing the yarn 
strength, and the method of determining the average fibre strength. 

“ The effect of mercensation is to mcrease the strength of the yarn 23 per cent, 
(without tension), whereas there is no appreciable dffierence in the individual 
fibre strength. After mercerising with tension, the yarn again shows an increase 
in strength ; the individual fibre remains unaltered. Tbs appears to confirm 
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the previously expressed opinion that the increased yam strength must be 
attributed to greater cohesion of the fibres. The swelling and untwisting which 
occur during meicensation cause the fibres to bind more closely together. 

“ Yam shows an increased strength after bleaching, the increase varying 
With the previous treatments of the yarn It cannot be concluded, however, 
from these results that bleaching will always strengthen a yarn, but it can be 
concluded that bleaching, properly earned out, will not weaken a twofold yam. 
The fibre strength, on the other hand, appears to be considerably reduced on 
an average 20 per cent This, together with the inrreased yarn strength, points 
to a greatly increased cohesion of the fibres in the yarn, possibly due to the 
removal of the natural wax, which would tend to act as a lubricant ” 

Mercerised cotton absorbs more moisture than ordinary cotton when exjiosed 
to moist air. Moreover, according to experiments made by Higgins {J.S.C I , 
1909, p 188), its capacity for absorbing water increases with the concentration 
of the caustic soda used in mercerising This is illu.strated by the following 
table — 



Muwtuic jK-i cent 

Ortlmaiv cotUm 

1)2 
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0 08 
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. . 50° „ 
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00° „ 

9f)7 
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Hubner {J SCI, 1908, p 105) observed that mercerised and unniercerised 
cotton behave quite differently towards a solution of iodine in potassium iodide, the 
funner ab.sorbmg much more than the latter He gives the following figures - 


Cotton 

Urdinary 

Mert'emcd 

without 

Merceiiwd 

Wltll 



Tension 

Tension 

l)nblcaclu.’d 

100 

104 0 

138 8 

lik'ut. hed 

100 

14.’) 0 

122 2 


Not only does mercerised cotton take up more iodine than ordinary cotton, 
but it retains it much more firmly when washed, esjiecially if ziiic-chlor-iodide 
solution be used Hiibiier has fouiiderl a quantitative method for determining 
the degree of meicensation ujion these facts (p. 158). Mercerised cotton is 
dissolved more readily than ordinary cotton by cellulose solvents It is also 
attacked more quickly by cheimcal reagents. When boiled with dilute acids, it 
gives more reduttug derivatives, it is more easily oxidised to oxycellulose, and 
responds more rcai^Iy to esterification 

The hygroscopicWture of mercerised cotton has been referred to above. This 
has been held to b«due to the formation of a hydrated cellulose (or definite 
hydrate) by the actiun of the sodium hydroxide followed by washing. Thus, 
Mercer assigned the fomiula (CjHi,Oj)j.HgO to mercerised cotton. This view 
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depended upon the fact that mercenaed cotton contains, as a rule, more moisture 
than ordinary cotton under the same conditions, i.e. that there is an increase in 
weight dunng mercerisation. 

Schwalbe {J.S C.1 , 1909, p. 216) emphasised the difference between hydrolysis 
and hydration, and that cellulose hydrates may be produced without previous 
hydrolysis He states that the hydrated celluloses, although differing widely 
111 their properties, are all alike m having a high hygroscopic capacity, while 
the hydrocelluloses are distinguished by a low moisture content. The two 
groups differ also as regards solubility m alkabs, and under certain conditions, 
the hydrated celluloses are resistant to esterifying influences to which normal 
cellulose responds. Hydrated celluloses are characterised by diminished resist- 
ance to hydrolysis by acids to an extent proportional to their degree of hydration. 
The degree of hydration may be determined in many ways. Schwalbe relies on 
the copper number and gives the following figures — 
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According to Schwalbe’s view, the degree of hydration is the same thing as the 
degree of mercerisation, which is measured also by Knecht’s beuzo-purpurin and 
other methods, such as the adsorption of iodine proposed by Hubner, or of alkali 
from an alcohohc solution of sodium hydroxide (Briggs, J.S.C 1 , 1910, p 622). 

Miller {J.8G.I, 1911, p. 18) disputed this view, relying chiefly upon the 
following facts • When the cotton is dried at 95° C. before and after mercerisation, 
there is no increase in weight but a slight loss. The hygroscopic moisture of 
mercensed cellulose was found to be the same whether the sample was dried at 
95° C m an oven, or at 25° 0 over calcium chloride Miller held that the exist- 
ence of a hydrate stable between these two temperatures was hardly conceivable. 
Further, when dried in vacua over sulphuric acid, mercerised and ordinary 
celluloses have the same percentage composition. But, having regard to the 
different properties of mercerised cotton, the author maintains that dunng 
mercerisation an isomeride of cellulose is Wmed, the extent of this conversion 
depending on the concentration of the alkali used 

Cross {J.S.GI., 1911, p 204), cnticismg Miller’s results, pointed out the 
invalidity of arguments based on the absence of a gain in weight as the result of 
mercerisation, without taking account of the portion of the cellulose soluble in the 
alkaline lye, and affirmed that an increase in weight does in fact take place The 
author, in defending the apphcation of the term “ hydration ” to this reaction, 
further argued that the water is taken up by the cellulose m definite quantitative 
proportions, and that this combination is accompanied by fundamental changes 
in the physical properties of the cellulose. The hydrates of the celluloses and 
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their derivatives, which are capable of existing between the temperature of 0° C. 
and 50° C., are described as definite and well-charactensed compounds. If all 
these yield the same anhydrous cellulose on drpug at a high temperature, this 
fact may be regarded as analogous to the production of the same anhydrous 
salt by heating the vanous crystal hydrates, say of sodium sulphate 

MillflT (J SCI, 1911, p. 413), replying to these criticisms by Cross, supports 
his statement that cotton cellulose shows no gam in weight on mercensation, 
by further determinations in which precaution was taken to recover any cellulose 
lost in the lye The results, calculated on dry weights, were mercerised product, 
99*6 , fibres, etc , recovered from the lyes after neutralisation, 0-26 ; loss, O-li 
per cent, of the original cellulose taken The matter recovered from the lye 
could in no sense be regarded as dissolved cellulose, but consisted mainly of 
fibres and debns. The moisture of mercerised cellulose, m equihbrium with 
air at the ordinary temperature, is readily given ofi m a desiccator over calcium 
chloride and is not chemically fixed. It is well known that free water and water 
fixed in solid chemical hydrates evaporate with a constant velocity at a constant 
temjierature undi r a constant tension of aqueous vapour lower than the saturation- 
point The author subjected cotton, mercerised in a 3U per cent lye, and 
containing at the ordinary temperature 1-8 molecule of adsorjition water per 
CjjH^Ojo, to the conditions stated above under a bell-jar with calcium chloride. 
Weighings were made at intervals over forty-eight days, and the results showed 
that the rate of evajioratioii of the adsorption water was by no means constaiit, 
but diminished rapidly from day to day over the whole jieriod of observation 
In all of these experiments bleached cotton was, as a rule, employed Hubner 
(J Soo Dyers and Col , 1925, p. 10) extended his experiment to cotton m the 
scoured and grey states, and to the effects of caustic soda solutions of high con- 
centration, i e from 70° to KX)" Tw Both fabric s and yarn were used 

The hygroscopic moisture after treatment was determined as follows After 
immersion in the caustic soda solution, the samjilc was washed, scoured, and 
again washed It was then exposed to air for four weeks, after which the amount 
of moisture present was deterinincd m the usual manner The results showed 
conclusively that both yarns and fabrics, after treatment with caustic soda of 
different concentrations, contain more moisture than the untreated material 
and further, with one exception, viz that of 10° Tw,, the amount of moisture 
increases with the concentration of the caustic soda used The maximum moisture 
content is reached in the case of yarns at 50° Tw , whilst m the case of fabrics 
a slight increase takes place between 50° Tw and 60° Tw The moisture values 
for yarn are greater than those for fabnes, and, further, the most marked increase, 
particulaily in the case of yarns, occurs between 20° Tw. and 30" Tw. When 
samples were drieil at 100" 0 and then exposed to air, the regain was practically 
the same for all concentrations of caustic soda used Both scoured and bleached 
yam showed a decrease in the copper number at 70° Tw. From 70° to 80° Tw 
there is an increase, after which up to i(X)° Tw a further decrea.se occurs 

Recovery of caustic soda jilays an important jiart in the mercerisation 
process The excess of concentrate liquor is made uji to strength and used 
again The wash liquors are filtered, sometimes recausticised with lime, and 
concentrated. The following descnjition of a recovery plant for piece goods is 
given by Chase in the Dyer and Calico Printer, 1924, p. 134 (fig 52) — 

l?he mam features consist of storage tanks for weak and strong caustic liquors, 
a series of open gravity filters for purifying the solutions, a vacuum multiple 
effect evaj^orator for concentrating the weak filtered washings, a tank for dis- 
solving solid caustic, and the necessary pumps and pipes. 
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The chief point of depaitare from other types of recovery systems is the 
ehmmatioD of chemical treatment for 
the purpose of purif 3 ung the wash 
liquors The common practice is to 
treat the recovered eaustic solutions 
with lime in either a U-tank or a 
cyhndncal tank with agitating pad- 
dles; after more or less heating and CQ 
stirring the agitation is stopped and 
the sludge allowed to settle, some- 
times at this point a coagulant such 
as lead acetate is added to hasten the 
precipitation Finally, the clear liquor 
IS drawn ofi and the sludge dropped 
to the sewer or disjwsed of otherwise. 

The filtration system of purifica- 
tion, while giving as good jiractical 
results as the chemical method, is not 
only lower in initial cost and cost 
of maintenance, but also permits the 
reclamation of a larger percentage of 
caustic by the elimination of the loss 
us sludge 

Plan and Layout of System. 

To ensure an adequate caustic 
supply and recovery system for a 
mercerising department it is necessary 
to determine the following factors — 

1 The quantity of caustic which 
must be supplied to the mercerising 
machines 

2 The amount of caustic which 
can be recovered as washings 

3 The volume of water which mu'^t 
be evaporated. 

Fig 53 illustrates the layout of a 
caustic supply system designed to meet 
the requirements of a mercerising de- 
partment having five ranges with a 
combined capacity production of 
750,0(X) yards of cloth iii fifty hours. 

By varying the size or number of the 
several units indicated, this system 
may be adapted to a plant of any 
size 

Referring to the illustration, A 
indicates mercerising pad of usual con- 
struction ; B, recuperator or counter current wash-box ; C, spray pipes ; D, trough 
to catch wash liquors ; E and I, rectangular mild steel tanks, each 7 by 5^ by 8, 
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for drcuJatuig caustic solutions ; G and L, cylindrical mild steel tanks, 7 by 8, 
for caustic storage , F, open filters of crusbed coke, each 7 by 5 1 by 8 ; H and J, 




open filters of crushed q^rtz, each 7 by 5^ by 8 ; L, multiple-effect vacuum 
evaporator ; M, tank for aissolving caustic, 7 by 5^ by 8, fitted with steel grate 
2 feet from top ; and P, pimps. 
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The units of the system which merit detailed dosoiiption are the wash-boxes, 
the open filters, and the evaporator. The wash-boxes or caustic recuperators are 
of cast iron, having hinged covers at the top and doors at the side to permit ease 
of access for cleaning or repairs, or for threading of cloth in case of breakdowns. 
Water is sprayed on the cloth as it leaves the recuperator, proceeds counter- 
current to the cloth, removing alkali, and overflows at the front end of the box. 

Perforated steam pipes fitted between the guide rollers allow steam to be 
sprayed on the goods, and squeeze rollers set above the upper guide rollers assist 
in the removal of the caustic from the cloth. The fact that the recuperator has 
water seals at each end allows a slight pressure to be maintained 

The open filters consist of mild steel tanks fitted with false bottoms of per- 
forated steel placed about 1 foot above the real bottom. Outlet pipes beneath 
the false bottom for the filtered caustic solution are necessary, together with an 
outlet line for wash water and at the top an overflow pipe to the sewer. For 
filtering concentrated caustic solutions the most satisfactory filter bed has been 
found to be one constructed of crushed coke graded to about the size of a pea. 

The filter bed for dilute alkali liquors is preferably made of crushed quartz 
about the size of rice kernels. Care must be taken that the perforations in the 
false bottoms are sufficiently small to prevent the passage of the materials used 
in building the filter bed. It is advisable to instal the filters in dupheate, since 
this admits of constant filtering, one filter of a pair being m use while the other is 
being washed 

For a plant of the size described the vacuum evaporator should be of the 
multiple-efiect type, having either three or four effects In a plant of smaller 
size an evaporator with one or two effects’ will prove more economical. The 
evaporator may be of either the vertical or the horizontal tube type ; the chief 
consideration is that it be of sufficient capacity to concentrate the total volume 
of recovered weak caustic solution to the required strength Heat loss by 
radiation will be largely prevented if the evaporator is properly insulated. 

Caustic Flow. — By referring to fig 63, the flow of caustic through the 
processes of mercensation and reclamation can be followed Tank E contains 
caustic soda at a strength of not less than 52° Tw., which is pumped to the 
mercerising pads Circulation of the caustic is maintained in the pads for the 
juirpose of keeping the alkali at a constant strength. The excess liquor fliows 
by gravity to coke filter F or FI, and after filtering is pumjied into tank E. 
Simultaneously with the filtering of this overflow liquor, caustic at 76° Tw. is 
drawn through the filter from storage tank G or 61, to maintain the concentration 
and volume of the liquor in tank E 

The overflow from the recuperator B passes through quartz filter H or HI 
into tank I , from this tank it is pumped through spray pipe C to the cloth 
passing over the tenter The liquor percolates through the cloth, removing 
caustic, IS caught in trough D, and then flows by gravity through quartz filter 
J or J1 After filtering, these caustic washings are ]iumped into storage tanks 
K to K5, and from these to the evajiorator L The hot concentrated liquor 
from the evaporator is pumped into dissolving tank M, where solid caustic is 
added to bnng the concentration to 76° Tw., and to replace the loss of alkali 
from the system. Finally, the concentrated liquor is jiumped into tank G or 
G1 , thus completing the cycle. 

To mercerise 150,000 yards of cloth will require the feeding in of approxi- 
mately 2000 gallons of alkali solution at 76° Tw., containing the equivalent of 
8000 lbs. of sohd caustic. The proper washing of the cloth m the recuperator 
reqmres the introduction of about 15,000 gallons of water. After circulating 
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thiough the cloth on the tenter this wash hquor should be at approximately 
10° Tw Some 13,000 gallons of water are evaporated, leaving 2000 gallons 
of concentrated solution at 69° Tw , containing the equivalent of 6000 lbs. of 
sohd caustic. The addition of 2000 lbs. of drum caustic in the dissolving tank 
suffice to bring the concentration to 76° Tw. and replace the loss from the 
system 

Limit of Recovery. — reclamation of 75 per cent of the total caustic used 
IS readily obtainable under these conditions By suppipng a larger amount 
of wash water still further recovery is possible, but the increased cost of evapora* 
tion makes this undesirable For example, by using 30,000 gallons of wash 
water about 90 per cent recovery can be obtained, the wash liquors in this case 
being reduced to a strength of 5° Tw In order to concentrate these washings 
to 69° Tw., both the size of the evaporator and the steam consumption must be 
doubled, with the result that the cost of reclaiming the additional 15 per cent, 
or 12(10 lbs. of caustic averages 4 cents per lb , or more than the price of new 
caustic 


It may be stated, therefore, that while 90 per cent recovery is possible, from 
the standpoint of economy a reclamation of 75 per cent of the caustic used is 



the most practical Again, when goods are 
mercerised in the grey, the alkali remaining in 
the cloth as it leaves the wash-box is utilised 
in the subsequent kier boiling, and this 
caustic may be properly charged to the latter 
process 

Operation of Supply System.— Two men 
arc required to operate a system of the type 
descnbwl One man is in charge of the evapor- 
ator The other is responsible for the washing 
and care of the filters, and is also responsible 
for the maintenance of the various caustic 
solutions at the strength designated. It is 
desirable that each of these men be trained in 


the duties of the other, so that in the case of 
the absence of one the system may contmue to function properly. 

The Microscopic Structure of Mercerised Cotton.— The process of 
mercerisation is accompanied by an important change in the microscopic structure 
of the hbre These have been studied fully by Pope and Hubner {J S.C 1 , 1904, 
p 408), from whose jiaper the following details are taken If some cotton fibres 
are treated under the microscope with cold concentrated sodium - hydroxide 
solution, they will be seen to swell and then gradually untwist, till they appear 
like swollen tubes in, stead of twisted cells If this experiment be carried out 
under tension, caused by fixing the ends of the fibre to the slide with wax, the 
untwisting of one portion of the fibre causes the twisting of another part, thus 
forming straight tubular fibres with a series of ridges on their surface. These 
ridges are the cause of the increased lustre of mercerised cotton according to 
Pope and Hubner The microscopic appearance of mercerised cotton is seen 
in fig. 54 


Other observers, including Harrison (J S.C.7., 1915, p. 1087), maintain that 
the increased ^ustre of mercerised cotton is caused, simply, by the smooth, straight 
surface of thci^bular fibre, which has a high r^ecting power. Harrison finds 
no evidence for the ndges described by Pope and Hhbner. Knecht, Rawson, and 
Loewenthal of Dyeing, vol. i. p. 37) state that when cotton yam is 
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mercerised under tension, and is still saturated with sodium hydroxide, it acquires 
a gelatinous and to some extent a plastic condition, so that the hairs b^me 
rounded and more translucent, are drawn out and stretched, and are set, in this 
state, by subsequent washing. Consequently, in the finished yarn a large pro- 
portion of stretched and straightened hairs, of a more or less round section, lie 
parallel to each other, so that reflection tends to become specular and the inherent 
lustre of the hairs becomes apparent to the eye 

Adderiey (J Text. Inst , 1924, T 196) states that it is a well-known fact that 
certain varieties of cotton have a marked lustre ascribed often to their fineness. 
But photometric measurements show that the only physical factor which affects 
lustre IS the shape of the cross-section. Cotton hairs which tend to be circular in 
section are more lustrous than flattened hairs This accounts for the superior 
lustre obtained on mercerising, especially under tension. This is illustrated in 
fig 55 

Willows and Alexander (J Text Inst , 1922, T 237) investigated the changes 



I'm .lo — Cr<iss-section of merocnscd cotton 


in area and volume of thin sections of cotton hairs when mercerised This was 
done by jirojecting the image of the section on to a screen at a magnification of 
about 7(X> diameters The area of the section was deduced from the weight of 
pa])er, weighed under constant conditions, covered by the image In this way 
areas were measured of .sections (1 ) dry, (2) wetted with water, (3) mercerised, 
(4) washed with water, (5) dried, (6) wetted a second time with water. The 
increase of area on the first wetting was found to be from 40 to 42 per cent. The 
graphs show that the curve for the mercerised sections has two peaks for both 
change in area and volume, viz one for 25° Tw lye and the other for lye of 
45° Tw , the percentage increase m area being approximately 210 per cent, and 
290 per cent, respectively, and the percentage increase m volume 190 per 
cent and 270 per cent It was found that the inner part of the hair bulges 
out over the cuticle at the ends of the section. This bulging begins with 
solutions of 25° Tw and is very pronounced with lye of 30° to 40° Tw. 
It 18 due to swelling of the cellulose before the cuticle is sufficiently softened 
to permit the full volume to be reached. If the cuticle has been damaged 
no bulging occurs, hence, this may be made use of for; the detection of 
tendering 

Teste for Mercerised Cotton . — It is often important to be able to determine 
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whether cotton has been mercerised, and, if so, its degree of mercensation. The 
following tests may be used — 

1 A portion of the sample is mounted on a microscope slide and examined 
under the microscope for tubular fibres The degree of mercensation may be 
estimated by counting the proportion of twisted and tubular fibres 

Herzofi {J S C.1 , 1915, p. 487) has applied a similar test to determine the 
capacity of cotton yarns for mercerising. Lack of lustre on mercensation may 
generally be traced to the presence of incompletely ripened or otherwi.se abnormal 
fibres In order to test the mercensing capacity, sections of the raw yarn 
about 0-5 mm long (t e ten separate sections) are mounted in a mixture of 
potassium hydroxide and glycerin on slides ruled with fine lines to facilitate 
counting In each mount one hundred fragments arc counted, without selection, 
those which fail to show a perfectly cylindrical form being reckoned as non- 
mercerised The proportion of cylindncal fragments is m direct relation to the 
lustre obtainable, eg very high lustre, 93 to 98 per cent , satisfactory, 83 to 
87 per cent ; inferior, 68 to 75 per cent. 

2 Knrrht''< Teal— A. sample is boiled in a 0-5 per cent, solution of benzo- 
purpurin for thirty minutes side by side with a similar sample of unmer- 
ceriscd cotton It is then washed well in water and the colours compared. 
The mercerised cotton will be dye<l more deeply than the unmerccrised 
sample 

3 Ktireht and Knaqq’it Text — Ordinary cotton dyed with benzo-piirpurin 
turns blue when treated with hydrochloric acid ; mercensed cotton, unless 
excess of acid is used, remains red or reddish violet The test may bo earned 
out by dyeing the sample, together with a jnece of ordinary cotton, with 
bcnzo-purpurlii, and then adding hydrochloric acid, drop by drop, till the 
unmercensed cotton just turns blue The mercerised cotton will remain a 
bright red colour 

4. Ijanqe’s Tn! — Prepare the following solutions (a) 5 grammes of 
potassium iodide and 1 of iodine dissolved in 16 c c water , (h) 25 grammes 
of zinc chloride in 1 2 c c water Mix these solutions and allow the mixture to 
.stand to settle. Then decant off the clear liquid for ii.se. A portion of the sample 
to be tested is soaked in the. reagent for about three minutes. Both mercerised 
and unmercensed cotton will become brown Remove the sample and wash it 
with boiled and cooled distilled water until the brown colour, due to excess of 
iodine, has changed to dark bluc-black Now place the sample, in fresh water 
Unmercensed cotton will lose its colour very quickly, while the bluish colour 
jiersists for a considerable time in mercerised cotton Schreinensed cotton, 
in which lustre is produced by purely mechanical means, gives negative results 
with these tests 

5 Huhner (J S.C 1 , 1908, p 105) has proposed a method founded upon the 
zinc chlor-iodide reaction, of measuring quantitatively the degree of merceris- 
ation, 1 f the strength of the alkali used 

The following solutions are required — 

(a) 1 gramme iodine and 20 of potassium iodide in 100 c c water 

(b) 28t! grammes zinc chlonde in 300 c.c water. 

Just before use, three mixtures of these are made containing 5, 10, and 20 
drops of the lodfne solution in 100 c c. of the zinc-chloride solution. Portions 
of the sample are Uhen immersed m these mixtures, and the colour produced is 
noted and compare^ with those given in the following table — 
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Strength of 



■■■■ 

Sodium Hydrate 
used to 

6 Drops to 100 o c 

10 Drops to 1(X) c c 

20 Drops to 100 c c 

Mercerise 




0" 

Colourless. 

White 

Slightly red 

10° 

Faintly blue 

Faint brown. 

Faint reddish choco- 
late 

Bluish chocolate 

20° 


Chocolate brown 

30° 


Reddish blue. 

Dark reddish navy 




blue. 

40° 

Very light blue 1 



C0° 

(10° 

Much stronger blue 1 
Same as .‘>0°. j 

Darker than 30°. 

Black 

70° 

Lighter than fl0° 1 




6 Kiierht (J Soc. Dyers and Col , 1908, p 67) measures the degree of mer- 
cerisiition by dyeing the sample with benzo-purpunn and estimating the per- 
centage of dyestuff absorbed by titration with titanous chloride solution Full 
details of the method of titration will be found in Kiiecht, Rawson, and 
Loewenthal, Manwl of Dyeing. 

The following table is given — 


Strength of Sodium 
Hydroxide used for 
Mercerising 

Percentage of 
Benzo-purpunn in Fibre 

10° Tw 

1 88 

20° „ 

2 39 

30° „ 

2 57 

40° 

3 15 

45° ., 

3 27 

60° 

3.38 

55° „ 

3 50 

60" „ 

3 56 

65° „ 

3 60 

70° „ 

3 66 

Unmcreerised cotton 

1 77 


The Schreiner process and other mechanical fir 
calendering and beetling, prixluce also a lustre on pu 
by the Schreiner process may be mistaken for the r 
the fabric does not give the chemical tests for mere 
same microscopic appearance. In schremensing th' 
ence of moisture till it assumes a plastic conditi 
pressed by means of a heated calender engraved wi 
of which runs obliquelV to the length of the clol 
engraved or embossed with fine diagonal lines wl 
be invisible to the na red eye. Their effect is 
lustre, owing to their jmwer of reflecting light fro 
The Action of S alte. — Cellulose adsorbs c< 

This IB illustrated by ctmper sulphate. Soli 
concentrations and tempe^ure, are first ads< 
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to flwell up and assume a colloidal coni^tion. In many cases solution is 
efiected Thus thiocyanates (particularly ohicium thiocyanate), zinc chloride, 
and potassium raercunc iodide all produce rapid swelling, gelatmisation, and 
finally solution 

Von Weimarn {JSCT, 1912, ]> 768) found tl-at different kinds of cellulose 
can be converted into a gelatinous plastic condition or into a (dispersoid) colloidal 
solution by treatment with solution of salts undei’, suitable conditions In a 
later paper (J Soc. Dyem and Col , 1923, p 306) he states that any salt solution is 
capable of producing this effect at a suitable temperature and pressure. With 
certain salts, such as the iodides and thiocyanates of the alkali metals or alkaline 
earths, this change is produced at ordinary temperatures and pressures With 
a concentrated solution of sodium chloride, peptisation of the cellulose begins at 
about 170° C and 8 atmo.s])here8 pressure Elutions of cellulose containing only 
about 1 per cent of cellulose set to transjiarent or semi-transparent jellies on 
cooling, and, if the jellies are left exposed to the air, the .salts effloresce and a 
skeleton jelly of hvdrated cellulose is left The experiments of Pojic and Hubner 
may be referred to also They found that a cold saturated solution of potassium 
iodide rendered cotton hairs glassy and transparent, producing swelling and 
shrinking without untwisting, while a saturated solution of potassium mercuric 
iodide caused rapid swelling, gelatmisation, and ultimately solution A 40 per 
cent .solution of zinr chloride at a moderate temperature acts in the same way, 
first gcJatmasing .and then dissolving cellnlose, forming a thick viscous solution 
Von Weimarn’s condnsions have not, however, been universally accejited 
Herzog and Beck (»/ 1921, 2.')4a) are of ojniiion that the solubility of 

cellulose in concentriited salt solutions is a function of the hydration of the 
ions of the resficctivc salt The ions may be arranged in the order - “l 

_ (1) NH4<K<Na<Li. 

» (2) Ba <Sr<Ca 

(3) JS04<Cl<Br <I<CN8 

h raw and purified cotton no swelling or .solution occurred 
cs, bromides, nitrates, sulphates, thiocya mites, acetates, 
• 1 , jiotassiuni, ammonium and magnesium, barium and 
d barium thiocy,ni»te Calcium nitrate attacked the 
out disajijiearamc of structure was obser\ed m solutions 
20 to 150” (' Solution of the cellulose took jilace in 
e, lithium ihlonde, bromide, iodide and nitrate, cahium 
\anate, strontium thiocyanate, and potassium mercuric 
re ” calcium chlonde dis.solve.s cellulose if the solution 
HX) livdrochlorn- acid and then concentratcfl 
and ('ol , 1912, p 359) hi;8 shown that when .sodium- 
through cotton, hydrochloric acid passes through 
a. id Col , 1923, p 22) washed cotton with fresh dis- 
g.i\e the same neutral reaction with methyl orange 
1 was then treated with a neutral solution of sodium 
ate was acid ai all cases, and the acidity decreased 
salt solution. But if, after treatment with salt 
• neutral, the cotton was washed with water, till 
acid filtrates were obtained again on treatment 
be rejieated several times The aqueous wash- 
'ution, were alkaline, the alkalinity decreasing 
nd being very difficult to remove completely. 



SPECIAL PEOPEBTIES OP COTTON. 


161 


The total alkali obtained was nearly equivalent to the acid extracted by the salt 
solution. Preliminary treatment, su(m as extraction with alcohol or ether, 
washing with acid or alkali, did not alFect the results. Barium and calcium 
chlorides acted m a similar manner, but less acid was produced. 

" The most important solvent for cellulose is Schweitzer solution, a solution of 
copper oxide in aqueous ammonia, which contains the compound Cu(NIl^) 4 (OH)j|. 
But it does not dissolve cellulose without change. Traube ( J Soc Dyers and Col , 
1924, p. 17) used cupric ethylenediamine, since ammoniacal cupnc oxide cannot 
be Ire^ from ammonia He found that alcoholates were formed with poly- 
hydroxy compounds, such as copper ethylenediamine glycerate, which has the 
formula 

HO.CHa CH(OH)CHjO. 

)>[Cu(en)jl 

HO CHj.CH(0H)CH20/ 

This body reacts with more copper, giving cupric compounds. Thus : 

OHjiC CH(6H) CHjOH 

lCu(cn)sl/ -f[Cu(en),](OH )3 

\0H2C.('H(0H)CH*0H 

/OHjCCH(OH).CHgO. 

=[Cu(en)2]<^ NCu-f-2H20-|-2en. 

^OHjC CH(OH) CHjO/ 

Ho showed that free ethylene is formed The action of cuprammonium 
solution on cellulose is analogous, formmg, first, copper-ammonia cellulose 
alcoholate and then the cupric compounds, while the hberated ammonia can 
dissolve more cupric oxide and cellulose, the process going on till a highly viscous 
solution is obtained. 

The Action of Dyestuffs. — Cotton has no affinity for the acid and basic 
dycstulls, unless previously mordanted with a basic or acid mordant respectively. 
Over-bleached cotton is dyed, however, by basic dyestuffs from a cold bath, the 
depth of colour obtained depending upon the degree of over-bleaching Mercerised 
cotton has also a certain amount of affimty for basic dyestuffs Direct and 
sulphur dyestuffs dye cotton from either a cold or boiling bath, the affinity of 
mercerised cotton being still greater The dyeing of cotton by these colours is 
probably a physical phenomenon. Witt (J.S.CI., 1891, p 42) and Cross arid 
Bevan (J S.C 1 , 1894, p 354) held that the dyeing is due to the formation of a 
solid solution of the dyestuff in the fibre. The dyestufi is, according to this view, 
more soluble in the fibre than in water, and is consequently extracted from its 
aqueous solution, the function of the salt used being to render the dyestuff less 
soluble in water and consequently relatively more soluble in cellulose Congo 
red gives a yellow aqueous solution but dyes cotton red. Witt held that this 
is analogous to the extraction of iodine from water by means of chloroform with 
the change from a brown to a violet solution. Weber {J.S C.I., 1894, p 120) 
stated that direct dyestuffs attach themselves to cotton as molecules, while 
Gnehm and Eotheli (J.S C.1 , 1898, p. 660) confirmed this view by dyeing cotton 
with the banum salt of certain direct colours, the amount of barium in the dyed 
cotton corresponding to the quantity of adsorbed dyestuff. Gnehm and Eaiifler 
{J.S C 1., 1902, p. 611) showed that the free acids of the direct dyestuffs would 
also dye cotton. The fibre was dyed with both the free acid and sodium salt 
of benzo-purpurin. That dyed with the salt was then washed with hydrochloric 
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acid, when it became blue. When all the aodium salt had been washed out, 
however, the onginal colour was permanently restored. Bilz (J.Sp.I., 1904, 
p. 439) showed that colloidal solutions of selenium and gold acted in the same 
way as those of direct dyestuffs towards cotton, and concluded that the explana- 
tion was to be found in the formation of adsorption compounds. Both increasing 
the temperature and addition of salt to the bath caused colloidal solutions of 
these elements to dye the cotton more deeply. The presence of a protective 
colloid, on the other hand, caused dyeing to become slower. Hubner {J .S.C.I., 
1907, p. 866) made expenmenta with various inorganic substances, such as char- 
coal. Charcoal and graphite were treated with benzo-purpurin 4B and then 
topped with night blue The results of these experiments led him to the con- 
clusion that dyeing with direct dyestuffs is a purely mechamcal process. But 
the physical or mechanical theory is not the only one When the hydroxyl 
groups of cellulose are replaced by acetyl groups its afi&nity for direct dyestuffs 
is destroyed, returning again if the hydroxyl groups are replaced. It appears, 
therefore, as if the direct dyestuffs had some af&nity for these hydroxyl groups. 
Vignon {J.S.C 1 , 1897, p 1014) maintained that the action was a chemical one, 
depending on the presence of the groupings >N — R— N < or >N — N <. During 
dyeing the nitrogen atoms become pentavalent, giving the system > N.R.N < 
or >N-N<. ^ 

Tetramethyl benzidine is taken up by cotton, but the fibre has no affinity 
for the methiodide of this body, which contains pentavalent nitrogen, as shown 
by the formula 

Binz and Schroeter {J.S C I., 1903, p 1126) think that dyeing with direct 
dyestuffs may be considered as a condensation of the quinonoid nucleus of the 
dyestuff with the fibre. 

Artificial Silk.' — All kinds of artificial silk are derived from cellulose. It is 
characterised by a lustre approaching that of true silk It is suitable for the 
manufacture of all kinds of fabnes either alone or mixed with other textile fibres. 
It can be produced in threads or filaments of great fineness, and has considerable 
tensile strength and elasticity The importance of the artificial silk industry 
may be judged from the fact that, according to the Ckmical Age, 1922, p 522, 
fifty tons jier day are being manufactured in Europe and America. 

There are four distinct varieties, viz. — 


1. Nitrocellulose or Chardonnet silk. 

2. Cuprammonium silk or lustracellulose 

3 Viscose silk. 

4 Cellulose acetate or acetyl silk. 


The first process for the manufacture of artificial silk consisted in dissolving 
cellulose in a solution of zinc chloride and precipitating it in a bath of water. 
This process has, however, never obtained any commercial importance. 

'y Nitrocellulose silk was discovered by Chardonnet in 1884 It was made 
iginally from gun cotton. When cellulose or cotton is treated with a mixture 
' 'tne and sulphunc acids, esters or nitrates of cellulose are obtained There 
^ •'vcral of these, but under suitable conditions a mixture consisting 
^ ^ of the tetra- and penta-nitrates is obtained . CjgHjgfNOg)*©, ; 
1 The sulphuric acid acts as a condensing agent, as in the 


8i f 

chiefly 



spbchai. pbofehtiss of cotton. 


163 


formation of esters from simple alcohols. Thus ethyl acetate is -obtained when 
alcohol IS heated with acetic acid and sulphuric acid — 

CjHs 0 H+CH 3 C 0 OH=C 2 H 500 CCHs+Hg 0 . 

Although the nitrates of cellulose are insoluble in water, they dissolve readily 
m mixtures of alcohol and ether, giving viscous solutions when sufficiently 
concentrated. The purity of the original cellulose is of importance. Hydrated 
or mercerised cellulose gives more viscous solutions than ordinary cellulose. 
The proportions of acid used and the temperature of the reaction determine 
largely which nitrocellulose is produced. After nitration, the excess of acid 
IS washed away with water. The washed residue is then pressed or centrifuged 
till it contains about 33 per cent, of water and dissolves in the solvent. The 
solution IS filtered under pressure and allowed to stand to “ ripen ” or become 
more viscous. This ether-alcohol solution is then forced through fine jets, at 
a pressure of from 2 to 3 atmospheres, either into a chamber of warm air or 
a bath of water. In the first case the solvent evaporates, leaving a thread of 
coagulated cellulose. The air, charged with the solvent, is led through con- 
densers, where the solvent is recovered. When a bath is employed, the solvent 
IS washed away and the thread precipitated. But it is difficult to recover the 
solvent from water. When a mixture of cresols is substituted, the solvent can 
be distilled off at 150° C. 

According to Chardonnet {J.S.C.1 , 1918, 650a), the cross-section contours 
of artificial silks are a characteristic indication of the physical conditions of 
spinning, and therefore a useful guide m the identification of their origin. The 
first basis of classification is the manner of coagulation, viz. by evaporation 
of the solvent and by precipitating liquids. Other things being equal, 
threads formed by precipitation tend to be neither so strong nor transparent 
as those formed by evaporation, since precipitation implies discontinuity As 
a rule, silks formed by precipitation show a more or less circular contour in 
their cross-sections. Those produced by drying are irregular, and exhibit 
peculiarities which influence their industrial use. Collodion silks are made by 
the Chardonnet process in both ways. When spinning by coagulation in water, 
a very fluid collodion is employed, containing about 50 grammes per htre. The 
cross-sectiOM of threads spun in this manner show re-entrant angles (fig. 56), 
and have generally a stellate contour This is because when the fluid threa 
emerges in a cylindrical form from the spinning orifice it is immediately coagulat 
on contact with water, and the film, thus formed, although very thin, presemg) 
its integrity and, during its drying, is folded up on itself as the cross-sect<in^ 
area becomes reduced to correspond with the final volume of the solid threarmula 

The irregulanties of the cross-section are not so noticeable when a 
collodion is spun by this method, since the ratio of the original to the finalder the 
less. xsionally, 

When spinning into air, much more viscous solutions, up to 25Q detected, 
per litre, are employed. Coagulation takes place much less rapid.’8ed by the 
final sobd thread has a larger sectional area. , Hence it follows thatoT. Herzog 
18 much less wrinkled and cross-sections have a flattened, curved alks, with the 

The covering power of silk increases m inverse ratio to its ap s, the spectro- 
and, other things being equal, silks with round and regular coni, 
space than those with irregular contours. Ip this respect collcvcial silk When 
cularly those spun in water, possess an advantage ; but otkure of 1 part of 
have favoured the process of spinning m air After spinmng^c acid for twenty- 
thoroughly to remove any residual acid or solvent. Butmsistmg of cellulose 
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and Rolvent are highly inflammable. To reduce the mflammability, the silk 
in next denitrutetl by treating it with a solution of ammonium sulphide and 
again washing Tliis removes the NOg groups, replacing them by hydroxyl (OH). 
Thus the final product consists of re-precipitated cellulose. The term nitro- 
cellulose IS inaccurate. In a nitro compound the mtro group is connected directly 
to a carbon atom, as in nitrobenzene, CgHjNOg. When a mtro compound is 



3. 4. 

1 Cbardozmct alk. 3. Ooprammoniuin silk S Viscose silk. 4 OUloloso aoctato silk. 

Fio 56 — Cross scetjons of artihoial silk 


th a reducing agent an amine is produced. Thus nitrobenzene when 
^es aniline, (IjHjNHg In nitrocellulose the mtro group is attached 
n atom, as it is in elhyl nitrate, CgHgONOg. When such compounds 
Icohols'are obtained, 
n in the case of tnnitrooellulose is 

,(ONOg)s-l-12HgS=CigH„Og(OH)sH-3NH8-f6H20-fl2S. 

'cs not remove the whole of the mtro groups. Suflicient remain 
coloration with diphenylamine and sulphuric acid. This 
identify Chardonnet s^. Demtration also reduces both 
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the weight and lustre of the silk. Chardonnet, Lehner, and Du Vivier silk are 
all made from nitrocellulose. They are characterised by great lustre and a marked 
aflinity for basic dyestuffs. The latter property is due to the presence of small 
quantities of residual nitro or sulphunc acid groups. Like other kinds of arti- 
ficial silk, nitro silk loses much of its tensile strength when wet but recovers 
it again on drying. Pentecost has recorded that mtro silk is liable to become 
tender on stonng. Heermann {J.S.C.I., 1913, p 80) observed the same effect, 
which IS indicated by milky- white specks containing sulphuric acid. He attnbutes 
these to the formation of unstable sulphuric esters of cellulose. But the presence 
of these esters can only cause tendering if they are of an unstable type. Heertnann 
describes the following test as smtable to determine the stability The silk is 
washed with distdled water till perfectly neutral. It is then heated for an hour 
in a drying oven at 135*’ to C. and examined for free sulphuric acid or 
brown or black stains. The presence of either of these denote unstable esters 
which may cause damage on stonng. 

Briggs (J SC 1 , 1913, p. 282) states that the esters containing little sulphuric 
acid can be washed with wster till 
the washings are neutral, whilst the 
ester has the properties of an in- 
soluble acid. As the percentage of 
combined sulphuric acid increases the 
esters become less stable towards 
water, and the higher members of 
the series assume a colloidal form 
and contmuallv split off free acid 
If nitrocellulose, containing a small 
amount of combined sulphuric acid, 
bo boiled for a long time with water 
or acid water, the sulphuric ester is 
gradually hydrolysed and the cotton 
becomes stable But if washed with 
alkaline water the acid sulphuric 
ester combines with the base, giving 
neutral salts which are compara- 
tively stable towards boiling water. 

Such mtrocelluloses are dangerous, 
because on treatment with acid at any subsequent .stage {i.e. bleaching or dyeing) 
the base is removed and the unstable free acid ester reproduced. The combined 
sulphuric acid is in the form of an acid cellulose ester of the general formula 
HSOjfXln, where X represents the cellulose nitrate or acetate. 

Microscopic Stnicture of Artificial Silk. — ^When examined under the 
microscope nitro silk is seen to consist of a structureless fibre. Occasionally, 
when prepared by the evaporation method, minute air-bubbles may be detecteii. 
The surface exhibits generally longitudinal marks or striations, caused by the 
ridges and indentations referred to above. These are seen in fig. 57. Herzog 
and Gonell {J. Text. Ind., 1925, 85a) state that all artificial silks, with the 
exception of cellulose acetate, show, when examined with X-rays, the spectro- 
graphic diagram of a crystalline structure symmetncally disposed 

Nitrocellulose is used for other purposes besides making artificial silk. When 
cellulose or purified cotton is soaked in 10 parts of a cold mixture of I part of 
nitric acid (sp. gr. 1-5) and 3 parts of concentrated sulphuric acid for twenty- 
four hours and washed thoroughly with water, the residue consisting of cellulose 
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hexanitrate, Gi 2 Hi 4 (N 03 )g 04 , is known as gun cotton. Gun cotton mixed with 
nitioglycenn is the basis of coidite. Collodion is a solution of cellulose mtrated 
in alcohol and ether. Cellulose nitrates when heated under pressure with 
camphor form celluloid When cellulose nitrates are heated with a solution of 
potassium hydroxide, they are saponified hke other esters, cellulose and potassium 
mtrate being produced — 


C„H„02(N03)3+3K0H=C„H„0,(0H)3+3KN03. 


Cupranunonlum silk (lustracellulose, Glanzstofi or Pauly silk) is made 
from a solution of cellulose m Schweitzer’s solution. Cotton is boiled, under 
pressure, with a dilute solution of sodium hydroxide and sodium carbonate, 
washed and bleached with sodium hypochlorite. It is then washed, treated 
with an antichlor, such as sodium thiosulphate, again washed and centrifuged 
till it contains about 5() per cent of water. The residue is dissolved in cupram- 
monium solution This is made by covering copper turnings with a 14 per cent 
solution of ammonia and passing air through at a low temperature (4° C ) A 
little copper sulphate and sodium hydroxide may be added to raise the copper 
content. The solution of the cellulose takes some days, a strength of about 
45 grammes per litre being necessary This is filtered under pressure, and, after 
“ ripening,” forced through nozzles into a spinning bath which may consist 
of either (a) acid or (b) sodium hydroxide and glucose. When an acid bath 
IS used the ammonia is neutralised and the copper oxide dissolves in the bath 
as a salt of the acid used. After a time the bath becomes deeply coloured by 
the copjier, making the thread difficult to see If a bath of sodium hydroxide 
and glucose be employed, the copper is precipitated as insoluble cuprous oxide, 
which collects at the bottom of the vessel After spinning, the thread is treated 
with acid to remove the last traces of copper and then washed Cuprammonium 
silk consists of smooth, rounded filaments with a hard glass-like lustre Its 
cross-section is as a rule oval or round Its microscopic appearance is much the 
same as that of nitro silk 

Viscose silk is made from wood pulp and not from cotton. Hence it starts 
from a cheaper raw material Moreover, it has a greater covenng jiower, lustre, 
and re.sistance to finishing and dyeing operations than either nitro-silk or lustra- 
cellulose. Spruce wood is made into a pulp, boiled under pressure with calcium 
bisulphite, and then bleached The washed bleached pulp is pressed into sheets, 
which are used in the manufacture of paper and as a filtenng medium. These 
sheets are the starting-point in the manufacture of viscose. They are soaked 
in a cold solution of sodium hydroxide, of mercerising strength, and containing 
sufficient alkali to convert the c.-Uulose into alkali cellulose, (CgHj^Ogl^ 2NaOH. 
The excess of alkali is pressed out and the residue ground to crumbs. These 
are kept for some time exposed to air to mature. This is an important part of 
the process. The addition of a little sodium peroxide to the alkali, or the presence 
of an oxygen carrier, such as a finely divided metallic, iron, or nickel oxide, 
accelerates this oxidation. The matured alkali cellulose is then treated with 
carbon bisulphide in a closed vessel provided with paddles or stirrers. The 
temperature must be low and air excluded, since carbon bisulphide is both volatile 
and inflammable 

The carbon bisulphide enters gradually into combination with the alkali 
cellulose, the latter swelhng up into a brownish sticky mass of cellulose xanthate 
This reaction is similar to that which takes place beWeen carbon bisulphide and 
sodium oxide — 
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0S,+Nii,O=SC^ 


ONa 

SNa, 


or between sodium alcoholate and carbon bisulphide — 

/OC^Hs 

CS,+C^ 50 Na=SC< 

^SNa. 

The reaction between alkali cellulose and carbon bisulphide may be 

/OC.H.04 

CeH, 04 ( 0 Na)+C^=SC< 

^SNa. 


But Wilson {J.S.C.I., 1917, p. 817) gives the formula of the icanthate as 



(C.H„04)„ 

NaS. 


This cellulose nanthate (or viscose) is dissolved in a dilute solution of sodium 
hydroxide. The solution thus obtained is kept for some time to “ npen ” or 
become more viscous. This process is due to progressive hydrolysis accompanied 
by a gradual increase in the value of n or a decrease in the number of xanthate 
groups. Thus : 

/(CaHio06)n /(^•Hiq05)„+i 

SC<^ first becomes 8C<^ 

^NaS ^NaS. 


The process may continue till cellulose is reproduced. The degree of ripeness 
necessary depends upon such factors as the kind of silk required and the com- 
position of the spinning bath. The ripening is accompanied also by decreasing 
solubility in water. When sufficient ripeness is obtained the solution is forced 
through jets into a spuming bath. Tbs may consist of a solution of an acid 
with or without the addition of salts, such as sodium bisulphite The xanthate 
IS decomposed and a thread of cellulose hydrate is formed. This is washed and 
bleached. The cross-section of viscose silk is generally irregular in contour, 
though this depends to a considerable extent upon the method of spinning Its 
microscopic appearance is similar to that of other vaneties (fig 57). 

Cellulose -acetate Silk. — When cellulose is heated under pressure with 
acetic anhydride, acetates of cellulose are produced. The composition of the 
com;[>ounds depends upon the proportion of acetic anhydride used, the tempera- 
ture of the reaction, and the presence or absence of condensing agents such as 
zinc chlonde. From one to six acetyl groups may be introduced. The tri- and 
tetra-acetates are the most important. Their formation is represented by the 
equations 

Cellulose acetates are insoluble in water, but dissolve in glacial acetic acid and 
certain oi^anic solvents such as acetone, chloroform, and mixtures of chloroform 
and alcohol. The silk is spun, like nitro silk, by dissolving the acetate m a 
suitable orgamc solvent and forcing the viscous solution through fine nozzles into 
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a 'warm chamber. Hence its cross-section bas a fairly regular contour. Its 
appearance is shown in fig. 58. 

Cellulose acetate is used for other purposes than making silk Owing to its 
insolubihty in water, it is employed for waterproofing textile fabrics and the 
wings of aeroplanes. It is also used as an insulating medium, since it is a non- 
conductor of electricity, while on account of its low inflammability it forms a 
safe matenal for the manufacture of films. AVhen heated with a solution of an 
alkali it is saponified with the reproduction of cellulose Thus, with sodium 
hydroxide — 

CijHi,0,(0gH30a)34-3Na0H=0igH„0,(0H)j-t-3CaH30aNa 


This reaction is of importance in the dyeing of acetyl siUc. It has no affinity 

for the direct dyestuSs, but, if it 
be partially saponified, a sheath of 
regenerated cellulose is produced 
which takes up the colouring matter 
readily. Cellulose-acetate silk has a 
high lustre and good covering power. 
Its elasticity and tensile strength are 
high, and its imperviousness to 
water is a useful quality. At first 
the difficulty of dyeing it militated 
against its use, but this is now being 
overcome rapidly. 

It has been noted that all kinds 
of artificial silks show a great de- 
crease m tensile strength when wet. 
The following figures, given by 
Stokes {J Soc Dyerx and Cul , 1922, 

v... ro n II 1 . , .11 P- 51 ), illustrate this The tenacity 

riQ 08 — Ccllulose-acotate silk. t la i ii n ^ 

ol artificial silk is generally ex- 



pressed m terms of the weight in 
grammes required to break a thread of definite size (generally grammes jier 
denier), whilst the extensibility is the percentage elongation at the breuking- 
point 


Tenacity (iiainmes jut Denier 

Kxtcnsiliihty 

J>iy Wet 


Nitro silk 

0 75-1 40 

0 25 -0 00 

7 5-10 0 

('ujiramniuuium silk 

1 0 -1 35 

0 35-0 65 

14-18 

Acetate silk . 

1 1 

07 

18 

Viscose „ 

12-17 

0 45-0 79 

11-22 

Natural „ 

26 

20 

21 


Another table, taken from J. Soc Dyers and Col, 1923, p 185, shows the 
count, mean diameter of the fibre (from which is calculated the area of the cross- 
section), tensdc strength when dry and when wet, and elasticity in both wet and 
dry conditions. Natural silk is also mcluded for comparison. 
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Tyjie of Silk 

Mean Area 
of Cross- 
section of 
Fibre m 
sq /I 

Tensile Strength m 
Grammes calculated 
for 100 sq, ft Cross- 
sectioned Area. 

Elasticity per cent, 
calculated for 100 sq. ft 
Cross-sectional Area. 



Dry 

Wot. 

Dry 

Wet 

Jlogummed Italian 

109 


67 

13 2 

15 9 

Cuprammonium . 

105 


23 

79 

11 S 

ViBooac I 

387 


18 

30 

20 

„ 11 . 

.506 


I 0 


22 

IIJ. 

Chardunnet Tl 

408 

27 

12 


21 

584 

30 

22 


26 

T2 

424 

27 

14 


24 

.. T3 . 

728 

26 

1 7 

26 

1 7 

.. S. KZ 

226 

33 

23 

36 

32 

Acetate 

447 

1 8 

1 5 

61 

54 


It will be observed that cuprammonium silk is stated to be the only artificial 
product which resembles the natural product in being more elastic wet than dry. 

Both the strength and the water-resisting power of artificial silks are improved 
by treatment with formaldehyde or other aldehyde, and subsequently heating 
to 90° or 100° C Thus Karplus (Ger Pat. 382086, 1920, from JSC.1 , 1924, 
90ii) adds the aldehyde in solution or m the form of vapour, no other sub- 
stances being added during the treatment except ammonia or a similar alkali 
if necessary The treatment may be effected during the manufacture of the 
fibres , for example, it may be added to the spinning bath or precijiitating bath, 
or both Alternatively, the fibres leaving the precipitating bath may be passed 
through a bath containing the aldehyde and then heated to a temperature of 
from 90° to 100° C Artificial silks have the power of taking up considerable 
(piantities of atmospheric moisture Baroni {J. Soc. Dyers and Col , 1924, p 1 23) 
lias mafle exjierimonts with the different t3rpes of silk. Suitable quantities of 
the silks, after a preliminary exposure of three days under standard conditions 
in a special chamber, were weighed, then dried at 105° to 110° C., and again 
weighed to obtain the “ absolute weight.” They were then exposeil under the 
standard conditions (relative humidity, 65 per cent ) and weighed at suitable 
intervals. The results are expressed in the accompanying table as percentage 
increases on the absolute weight. 


Kind of Silk. 

Original 

Weight 

Absolute 

Weight 

Moisture 
per cent 

Moisture 
jier cent 
after 

4 Hours 

Moisture 
per cent. 

after 

6 Hours 

Moisture 
per cent. 

after 

24 Hours. 

Cliurdonnct-- 
Marlv A 

7 8.57 

0 803 

14 48 

9 57 

980 

12 51 

Mark B 

7 930 

6 902 

14 06 

9 29 

9 42 

11 86 

Besanfon 

7 840 

6 871 

14 10 

9 99 

10 20 

13 09 

Vienna 

7 910 

6 991 

13 14 

9 24 

9 35 

11 85 

(ilair/Htolf — 





No J 

7 56.5 

6 909 

12 24 

8 48 

865 

10 88 

No 2 

7 818 

b980 

11 86 

8 46 

8 57 

11 13 

ViseoHc - 







Mark A 

7 881 

7 010 

12 28 

8 60 

8 77 

1122 

Maik B 

7 818 

6 076 

12 06 

865 

883 

11 15 















CHAPTER X. 

MICRO-ORGANISMS AND THEIR ACTION ON COTTON. 

All. textile libreR are liable to be attacked by bacteria and other micro-organisms, 
and, as indicated above, this constitutes one of the factors which contribute 
to the effeits of weathering Before considering the special action of micro- 
organisms on cotton a brief description of their morphology and natural history 
must be given 

Micro-organisms may be classified as — 

1. Bacteria, including (a) cocci and (b) bacilli. 

2 Moulds (mildew). 

3 Yeasts 

All of these are present m the air, soil, and water, and upon all living or dead 
terrestrial objects. 

Bacteria consist of small unbranched vegetable cells, related closely to the 
lowest algao and fungi Each cell consists of protoplasm contained in an envelope 
(or cell wall), which in many cases is composed of cellulose They vary in shape 
from small round cells, called cocci, to elongated rod-hke forms, termed bactUi. 
Cocci are the smaller forms and have a diameter of approximately 1 jx Bacilli 
are many times longer than their width Thus, for examjile. Bacillus subtths, 
a common aerial organism, has a breadth of about 2 fi and a length of 6 /x. A 
single coccus or bacillus is only visible when viewed under a high-powei objective 
of a microscope Many can be studied with a J-inch objective, but more com- 
monly a ,’_.-inch oil-immersion objective is required Fig. 59 illustrates the 
difference between cocci and bacilli 

When a bacterium falls upon a fabric it may or may not develop. If it does 
not, it may either die or remain dormant till conditions favourable to its growth 
obtain. It then multiplies with enormous rapidity, one bacterium being capable 
of producing many millions in twenty-four hours If the growth takes place 
on a solid medium, the individuals remain in contact and form ultimately a 
visible spot or patch termed a colony. These may increase in size till adjacent 
colonies coalesce and a large patch, covered with the bacteria, is produced. 
When, however, the bacterium gams access to a hquid which will support its 
growth, the individual organisms remain m suspension and the liquid becomes 
gradually turbid. Sometimes, also, the orgamsms will coalesce, forming a skin 
which floats on the surface. 

Bacteria reproduce themselves by two different methods, viz (1) by fission 
and (2) by spore formation. The former is the commoner method. A membrane 
grows across the cell perpendicularly to its length, thus dividing it into two new 
ones These then separate and pursue an independent life, repeating very soon 
the same operation This is why bacteria multiply so rapidly, the rate being 
of the nature of a geometrical progression. 
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Multiplication by spore formation is not met with in every bacterium. Those 
which adopt this method are always capable of fission also. Spore formation 
IS often made use of, when circumstances are unfavourable to fission, as an 
alternative process to ensure the continuation of the race. In spore formation 
a portion of the cell becomes enclosed by a cell wall. The contents of this then 
become granular in appearance, forming, ultimately, a number of rtthiII round 
bodies termed spores. Each of these contains a portion of the protoplasm of 




Bacilli Cocci 

Flo S9. 

the mother cell, and is surrounded by a thick resistant coat consisting, often, 
of cellulose The mother cell now dismtegrates, thus liberating the spores. 
These, owing to their resisting coat, are much more difficult to destroy than 
bacteria. Thus, they are not killed by suspending them in water and bringing 
it to the boiling-point. Nor are they kiH^ by antiseptics nearly so easily as 
the baotena. They may thus remain alive for a long time although they cannot 
develop till favourable conditions are produced , but when these are, each spore 
develops rapidly into the organism from which it was produced. 

Bacilli which produce spores are very persistent Anthrax is a 
good eiample 

Bacteria may be motile. In this case, when suspended in a 
drop of water and examined under the microscope, they are seen 
to be in a state of constant movement Their motion may be 
due to spiral-likc movements or to propulsion by means of flagella, 
which may be seen in fig. 60 

Bacteria produce sometimes white or colourless growths, and -Km 60 — 
at other times coloured colonies. The latter are called “ chromo- J'laRclla, 
geiuc.” For example, BaciUm mesenteruius produces a red colour 
on bread, known as “bleeding bread.” They are either (1) strictly aerobic, 
(2) strictly anaerobic, or (3) facultatively aerobic. The first kind require more 
or less free oxygen, the second grow m the absence of air, while the third will 
grow under either condition. 

Gonditfons 'Necessary for Growth. 

The conditions necessary for growth of bacteria are — 

1. Moisture. 

2. Suitable food material. 

3. A certain degree of warmth. 

4. The absence of inhibiting substances. 

5. A mimmum concentration of acid or alkali, i.e. a pH value within certain 
hnuts. 
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Moisture is essential. Organisms are not killed by drying at a lov 
temperature, but their growth is entirely inhibited Spores may be kept 
almost indefinitely in the dry condition without losing their vitality In the 
case of cotton, Fleming and Thaysen {J iSC 1 , 1921, 764a) found that if 
less than 9 per cent of water was present m cotton the number of micro-organisms 
did not increase But any increase m the water content above 9 per cent was 
accompanied by a rapid increase in the number of mirco organisms Thus 
Indian cotton contains normally 1’4 milhons of bacteria per gramme As long 
as the moisture content did not rise above 9 per cent the number remained 
the same But with more water, incubation for three days at 16° 0 produced 
the following numbers per gramme — 


10 iKsr Pint 

1C 

SM „ 

CO 


124 millions 
499 „ 

1112 
9040 


Food Material.— This must include all the elements necessary to build 
up protoplasm, viz oxygen, hydrogen, nitrogen, carbon, phosphorus, sulphur, 
and salts of sodium and potassium Moreover, smte bacteria are vegetable 
organisms, the food material must be soluble in water and diffusible When 
Toai tena grow upon media which do not c ontain these bodies in a soluble diffusible 
form, thev must first bung about their decomposition into simpler bodies whit h 
are both soluble and diffusible The> do this by secreting an eii/yine which 
causes the hydrolysis of the complex food into a mixture of simpler bodies 
Thus, Battllus when it grows upon gelatin hydrolyses it into soluble 

ammo salts whuh it can utilise in the building up of protoplasm As the 
h>drohsis proceeds, the gelatin beiomes gradually liquid Most bacteria can 
assimulate nitrogen from gelatin oi jieptone and carbon, hydrogen and oxygen 
from carbohydiates such as starch, dextrin, or sugar Hence many dressing 
mixtures form good culture media 

Temperature. — Bacteria can only grow between certain limits of tcmiiera- 
ture As a rule their growth is retarded at low temperatures and inhibited 
at 0" (' But they <irc not killed at low temperatures They can, particularly 
if dry , be frozen w ithout being destroyed The maximum temperature of growth 
IS about 98° to 1(X)° F The limits> are not the same for all organisms Some 
w hich grow at ordinary temperatures do not develop at all .it the temperature 
of the body But, as a general rule, at .iny temperature up to this maximum the 
rate of growth increases wuth the temjierature 

The Absence of Inhibiting Substances. — Many chemicals retard or 
inhibit the growth of bacteria These, which are termed antiseptics, will be 
described later But bacteria themselves, as they grow, produce by products 
which, when they reach a certain concentration, inhibit the growth of the 
organism These bodies are termed toxins Pathogenic organisms which 
produce disease often owe their action to the production of a toxin which, if 
not destroyed, causes death of the infected animal. 

Alkalinity and Acidity -Bacteria can grow cither m a neutral, faintly 
acid or f iintly alkaline medium 4.s a rule they grow more re.uiily m an alkaline 
medium But the jiH value of the medium is of moie consequence than the 
actual amount of acid or alkali present Outside certain limits their growth is 
inhibited 

Cotton goods can be infected with bacteria at every stage of the bleaching 



SnOBO-OBOAKISMS AND THBIB ACTION ON COTTON. 173 

and finiahing operationa. A few of the principal causes may be mentioned 
(Trotman, J S.C 1 , 1909, p. 1237) These are— 

1. The use of impure water for steeping or other operations 

2. Incomplete removal of protoplasmic constituents by the lye-boilmg 
process 

3 Allowing goods, at any stage, to he about m a damp condition, especially 
in warm weather 

4 Insufficient cleanliness of plant or buildings. 

5 The use of inferior hnishing materials, such as low-grade starches and glues. 

6 The careless storing of finished goals. 

Impure Water -As already mentioned, polluted water always contains a 
large number of putrefactive organisms and moulds Many of these are able to 
bring about the liquefaction of gelatin, reducing it to peptones and simpler 
soluble bodies Their growth is also often accompanied by the production of an 
iiniileasant odour Many organisms found m water, such as Bacillus suUilts, 
are s])ore-forniing and hence difficult to kill. This bacillus is often present m 
large numbers in cotton yarn, and causes a peculiar and characteristic smell 
A pure water supply is, therefore, an important consideration. In the initial 
steeping processes considerable damage may be done by the growth of moulds 
and other organisms At this stage, owing to the impurities present, rapid 
growth takes place under favourable conditions, and although pure cellulose 
alone is not itself a food material, it may, in the presence of impurities, become 
yiermanently discoloured or tendered by the action of the by-products of bacterial 
growth 

Incomplete Removal of Protoplasmic Constituents of Cotton — If cotton is 
comjiletoly scoured only traces oi nitrogenous bodies will be present, and this 
scarcity of nitrogenous food makes it difficult for organisms to thrive An 
iinjierfectly scoured cotton may, however, contain as much as 0 5 per cent, of 
nitrogen, or about 3'25 per cent of albuminoid bodies Such cottons are much 
more readily attacked by moulds and other organisms In nearly all the cases 
of damage caused by bacterial growth examined by the authors, a high nitrogen 
content has been found 

Caieless Handling of Goods —iiebwoen the different operations damp goods 
are sometimes left about in a warm room Moisture and warmth being two 
essential conditions of bacterial growth, this often results in the development of 
mould, which necessitates beginning the operations over again. The interval 
between two successive processes should always be as short as possible, and 
the leaving of damp goods overnight should always be avoided in warm weather. 

Insufficient Cleanliness of Plant and Buildings — Dust and dirt always harbour 
bacteria, and particularly moulds. Accumulations of dirt should always be 
avoided, both in plant and buildings ; walls and ceilings should be frequently 
whitewashed 

The Use of Unsuitable Finishing Materials — A starch that contains an 
excess of moisture is hkely to be mouldy when used A good starch should 
never contain more than 10 per cent, of water, but as much as 20 per cent, is 
sometimes present If such a starch has been stored long, it will frequently 
contain numerous moulds and other orgamsms, and the temperature of the 
finishmg mixture will often be insufficient to destroy the spores that are present, 
thus leaving them free to develop subsequently 

Thin starches and dextrins often contain sugar, which is liable to exercise a 
selective action upon certain moulds or Torulw. Sometimes a starch mixture 
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goes “ sour ” before it is used, and if undetected always causes trouble. This is 
generally aided by the presence of soluble carbohydrates. 

Inferior gelatin and glue are sometimes in a similar manner responsible for 
bacterial growth. The quality of a gelatin depends upon the proportions of true 
gelatin and peptone present, since the use of poor raw material or faulty manu- 
facture increases the amount of peptone at the expense of the gelatin. Peptones 
form an ideal germ food, and are also very hygroscopic — that is, they have the 
power of attracting moisture from the atmosphere. Thus, goods dressed with 
a gelatin containing peptones will generally be rather damp, and will contain 
a quantity of ready formed germ food. On this account they are very hable 
to be attacked by bacteria. One often sees gelatin-dressed goods which have 
become mouldy and in which the colour has deteriorated ; in some cases they 
even become tender. 

Careless Storing of Finished Goods — Goods frequently leave the bleacher in 
perfect condition, but subsequently develop a colour. There are, of course, a 
great many different causes for this, but one of them is undoubtedly bacterial 
growth, assisted by improper storage. Warehouses should be as dry as pos’I^'le, 
and not warmer than is necessary to keep the air dry. Of course, if goods are 
sent out in a sterile condition, they are nut likely be afterwards attacked if 
properly stored , but this is, of course, not alwayji practicable All cotton goods 
contain numberless organisms, and all one can Wo is to take every precaution 
that no deleterious organisms are present, and^, if so, that the goods are not 
kept under such conditions as will encourage their growth. 

The Efiecta of Bacterial Growth. — These may become apjiarent as (1) 
tenderness owing to the destruction of the cellulose walls of the fibre ; (2) dis- 
colorations caused by the growth of chromogenic organisms , (3) decomposition of 
dressing materials , (4) an increased affinity for direct dyestuffs. Micro-organ- 
isms destroy cellulose by secreting an enzyme termed “ cytase, ’ ’ which changes the 
insoluble cellulose into soluble dextrose. This is then taken up by the organism, 
as food, and changed into other simpler bodies, such as carbon dioxide, hydrogen, 
and organic acids, e.q acetic acid and butyric acid. The first stage in the de- 
composition of cellulose is hydration or swelling up of the cell wall which, like 
mercensation, gives the cotton a sbghtly increased affinity for direct dyestuffs, 
and may cause uneven dyeings. Thaysen (J Soc Dyers and Col , 1924, p. JOl) 
observed that the mycelium of a mould developing on the surface, may pierce 
the cellulose wall of the hair and penetrate into the lumen. Repeated perfora- 
tions of the wall naturally reduce the tensile strength, just as the gradual sinking 
in of large colonies of micro-organisns will do. These are partly the cause of 
the formation of short fibres, the so-called “ fly,” which does so much to reduce 
the value of many cellulose raw matenals, and is often the cause of the brittle- 
ness of finished fabrics, developed after their exposure to the action of 
micro-organisms. “Felting” is another manifestation of the action of micro- 
organisms. It occurs in raw cotton, after having been pressed into bales for 
transport, and is due to packing the cotton while damp and the consequent 
growth of micro-organisms. The mycelium of a mould will bind the individual 
fibres together into hard, felt-like lumps, which sometimes fill the whole of the 
centre of the bale 

Methods of destroying and preventing Bacterial Growth.— Bacteria 
may be destroyed by means of dry or moist heat, diffuse sunlight, and cbyniical 
reagents. 

Beat . — ^Nearly all vegetative bacteria are killed by exposure for a few minutes 
to moist steam at 100° C. Spores require much longer, many being able to 
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withstand this treatment for a considerable time. Their power of resisting dry 
heat is still greater, some being able to survive a temperature of 140° C. Thus, 
to ensure the destructjon of both bacteria and spores by means of dry heat, a 
temperature of nearly 150° 0. must be employed. Many active organisms, 
which are instantly killed by steam at 100° C , can withstand the same heat, 
when dry, for a considerable time. The inhibiting effect of heat is, of course, 
well known, but it is sometimes forgotten. Finishing mixtures liable to putre- 
faction should, when possible, be weU heated before use to ensure their com- 
parative initial sweetness. 

Effect of Light . — ^Diffuse sunlight has a powerful inhibiting effect on the 
growth of nearly all bacteria, and in some cases an active toxication If two 
cultures be made of the same bacterium, and one kept in diffuse sunlight and 
the other in the dark, it will generally be found that the growth in the latter 
rase is more rapid. Many pathogenic bacteria are killed by exposure to sunlight 
for several hours The inhibiting power of sunlight is associated with the violet 
and ultra-violet rays. 

Ch^ical Means of Inhtbtltng Bacterial Growth . — great many chemical 
^^Jobstances exercise au inhibiting or toxic effect upon bacteria Those which 
merely inhibit growth are generally termed antiseptics, while those that kill 
both bacteria and their spores are called disin- 
fectants. There is no definite distinction, however, 
between the two classes, since many bodies are 
antiseptics in small and disinfectants in large doses 
Chlorine is a powerful germicide in the presence of 
moisture, owing to its ability to decompose water 
with the liberation of nascent oxygen. It also has 
a direct toxic effect on protoplasmic matter 
Since, however, it rapidly becomes changed to 
hydrochloric acid in contact with water, its effect 
IS not lasting, and it has no permanent antiseptic 
properties. The same is true of other oxidising 
agents and of sulphur dioxide, which is a reducing 
agent, and is oxidised to sulphuric acid. Phenols, 
salicylic and benzoic acids, being less readily changed, have a more lasting 
effect. Certsin metallic salts, such as copper sulphate, zinc sulphate, and 
chloride and potassium nitrate, also inhibit bacterial growth 

For further details of antiseiitics see Chapter XXIX. 

Bacillus subtilis is a good example of a common aerial bacillus which grows 
readily on cotton. It is also capable of forming spores. It occurs in air, water, 
hay, straw, and similar bodies. A culture of this organism can be prepared 
very easily by heating an infusion of hay and water to a temperature of 80° C. 
for about ten minutes. This kills all the bacilli present, but not the spores. 
If the flask containing the infusion be closed with a plug of sterile cotton-wool 
and kept at a temperature of about 20° C for a couple of days, the spores develop 
and a culture of the bacillus is obtained. It is a rod-like bacillus with rounded 
ends, its breadth being about 2 p and length 6 p (fig, 61). It is motile, being 
provided with flagella, by means of which it moves with a wobbhng movement 
through a liquid medium. 

Its spores are very resistant, and will withstand, when dry, heating to a 
temperature of 120° C. for some time without being killed, or boiling water for 
about one to two minutes. BaciUus subtilis grows at any temperature up to 
38° G., and causes the liquefaction of gelatin. 
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Moulds. — These organisms are allied to the fungi, being plants of a vtxy 
simple structure. If a moist organic substance, such as gelatin or starch paste, 
be exposed to the air it will frequently become eoveretl with a white or coloured 
silky growth known as mould or mildew. If a little of the mould is examined 
under the microscope, it will be seen to consist of a mass of fine filaments, each 

of which IS termed a “ hypha.” 
The mass of ramifying and inter- 
laced hyph» is called a “ mycelium ” 
(fig 62 ). 

No di\asion into cells can be ob- 
served, the whole being, in fact, a 
single unit, consisting of a branched 
filamentous cell containing the cell 
substance or proto jilasm At first 
the growth is confined to the inter- 
lacing hyph®, or mycelium, but 
after a time a number of vertical 
hypha? are produced, each of which 
ends in a.*ounded capsule known as 
the Bi^angium The sporangium 
soon -necomes separated from the 
hjqihse by a transverse partition, 
and the protoplasm within it granu- 
lates and changes into a number of 
sjiores, separated from each other 
by a gelatinous substance capable of absorbing water and swelling. When the 
spores are ripe the swelling of this gelatinous substance causes the sporangium 
to burst and scatter the contained spores. Each of these is capable of repro- 
ducing the plant in all its stages. In addition to sporulation, moulds also re- 
produce themselves by a sexual process analogous to that of the higher plants 
This generally occurs in the absence of a plentiful supply of food material 
Two short club-shaped hyphai grow out from adjacent hypha? till they touch 
each other In each of these 
hypha? a cell wall now ap- 
pears, cutting off the touching 
portions from the remainder 
Next, the cell wall between the 
two disappears, and the por- 
tions of the hypha? bounded ^ 
by the first produced cell wall 
fuse together and form a new 
cell termed a zygospore This 
separates from the rest of the 
plant and under suitable condi- 
tions germinates. It becomes 
ruptured, and an unbranched vertical hypha grows out, at the end of which is 
formed a sporangium, which bursts when ripe, as already desenbed The differ- 
ent stages in the life of a typical mould {Mitcor mucedo) are shown in fig 63 
Although different moulds deviate in details from the common type, their 
life-history is siimlar. It is not always possible to identify a particular mould, 
but any organism which has a life-history like that described is undoubtedly a 
member of the family. ^ 
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Yeast. — The yeasts consist of rounded, elliptical cells varying in dimensions 
with its age and variety, but having approximately a length of from 3 u to 10 (i. 
Each cell (fig. 64) has a thick cell wall which consists of cellulose. Within the 
cell wall IS the protoplasm and cell fluid. The protoplasm is more or less granular 
in appearance, accoramg to the age of the cell, while the cell liquid is, commonly, 
collected in places into one or more vacuoles. Yeasts are characterised by theur 
power of inducing fermentation. When mixed 
with a solution of dextrose or levulose, contain- 
ing small quantities of the other necessary food 
materials, carbon dioxide is evolved, and alcohol, 
together with other secondary products, remain 
in solution This action is due to an enzyme 
secreted by the cell. Yeast secretes at least 
three enzymes, viz — 

1 . Zymase, which converts dextrose or levu- 
lose into alcohol and carbonic acid. 

2 Invertase, which inverts cane sugar into a 
Imi^tpre of fermentable <|^trose and levulose. 

3 .which fTsverts maltose into 
fermentable dexVdise. 

Yeast reproduces itself, normally, by a 
process termed “ budding.” A small end is 
pushed out at the surface of the cell This grows till it is nearly as large 
as the mother cell It then detaches itself and becomes a separate individual 
These stages are seen in fig 64, b, c, d, e, f In the absence of sufficient food 
yeast propagates itself, also, by means of spore formation, much the same way 
as a bacillus 

If a smooth block of plaster of Paris, about half an inch in height, be stood 
with its lower end m water and some yeast be spread on the upper surface, the 
whole being covered and kept at a temperature of about 25° C , after a few 
(lays it will be found that budding has ceased and the cells have changed 
in a])pcarance. The protoplasm has become granular and is changed gradually 
into spore.s, each of which is surrounded by a containing envelope. Ultimately 
the mother cell dusintegrates and the spores are liberated Each spore is 
capable, under suitable conditions, of producing a yeast cell In addition 
to the yeasts used in brewing and wine manufacture, there are many 
varieties of wild yeasts present in the atmosphere These, sometimes, cause 
the decomposition of dressing mixtures, particularly of those containing starch 
or sugar. 

Torulse are closely related to yeast. They are, commonly, present in the 
atmosphere. Like yeast, they consist of round or oval cells which multiply by 
budding They are often chromogenic Pink and black Tarulo) are examples. 
Toruke do not form spores, nor do they, as a rule, produce marked fermentation. 
Sometimes they produce filamentous threads on the surface of a medium, forming 
a mycelium similar to that of a m'ould. 

The Action of Micro-organisms on Cotton Cellulose. — Pure cellulose 
is attacked leas readily than that containing protoplasmic residues, which 
act as food for micro-organisms. Nevertheless, even bleached cotton con- 
tains sufficient food for a certain amount of bacterial growth to become 
possible. In the presence of food, cellulose is decomposed gradually by aerobic 
bactena, and this takes place in nature to a considerable extent. There are 
two views (Groenewege, J.S.C.I., 1921, 76a) as to how this is brought 
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about. It is either due entirely to aerobic organisms or to two groups of 
organisms, one of which is aerobic and causes initial decomposition of the 
cellulose, the other group being denitrifying in action, Oroenewege isolated 
pure cultures of orgamsms from a culture made from a septic tank liquid 
and earth, and inoculated a culture medium consisting of tap-water, con- 
taining 0’25 per cent, of potassium nitrate, 0*05 per cent, dipotassium phos- 
phate, and 2 per cent, of filter-paper. When this medium was inoculated, 
either with earth or the septic tank liquid, and ,mcubated at 37° C , gas 
was given off, the nitrate reduced to mtnte and nitric oxide and the paper 
to a pulp If, at this stage, the solution' were poured off from the pulp 
and more of the medium, but without filter-paper, added, reduction of nitrate 
again took place and the pulp was dissolved gradually. The organisms in 
these cultures were subcultured on agar plates and pure cultures obtained 
They were found to fall into three groups, viz — 

1 . Those which effect denitrification but do not attack cellulose 

2 Those which attack cellulose but have no denitrifying action 

3 Those which have no denitrifpng action and Jt attack cellulose. 

The first group contained such organisms as Manlius vtsfLus and B opal- 
escens, while the second contained B cellaresollvens. He concluded that the 
different varieties of the last-named oiganism attack cellulose, and that the de- 
composition products serve as food for the denitrifying orgamsms B tnscoms 
and B. opaUacens. The end products are acetic, butync, and lahtic acids, which 
are oxidised to carbon dioxide and water by the nitrifying organisms It is 
suggested that the initial decomposition of the cellulose is due to an enzyme 
cellulase 

Hutchinson and Clayton {J SC.I., 1919, 381a) inoculated Eothamsted 
soil into mineral culture solutions containing filter-paper, and isolated an 
organism which they named Spirochceta cytophaga, which attacked cellulose 
very readily It grows best in a solution of nutritive salts, such as nitrates, 
ammonium salts, amides and amino acids, at low concentration All car- 
bonaceous substances, except cellulose, inhibit its growth, but cellulose in 
any form is rapidly decomposed at 25° to 30° C., producing a mucilage with 
a pectiu-like character 

Clark and Scales {J.8.C.1 , 1916, p 480) observed, also, that Pemcdltum 
pmophtlum, which occurs in soil, is one of the most active destroyers of cellulose. 
Cultures grown in a solution containing ammonium sulphate or peptone, as a 
source of nitrogen, reduced filter-paper to a soft pulpy condition in about two 
weeks. Many enzymes were separated from the cultures. 

It IS obvious that even purified cotton is liable to be attacked by 
micro-organisms. Impure cotton, or dressed goods, offer still more favourable 
conditions for their growth DoriSe (J S.C.1 , 1921, 342a) found that the 
organisms of sea-water had a destructive action on cotton, causing its complete 
disintegration in about three weeks 

Fleming and Thaysen (ioc cit.) have made important contributions to the 
knowledge of the action of bacteria on cotton. They investigated chiefly the 
fact that exposure to damp air renders cotton bnttle and short fibred. This 
increases its solubility in alkali, causing sometimes a loss of from 10 to 16 per 
cent. It has been mentioned above that they found that, for this to occur, a 
moisture content of not less than 9 per cent, was necessary, together with the 
fact that cotton contains normally 1'4 milhons of micro-organisms per gramme. 
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They foimd that these included both ‘moulds and bactena, the latter consisting 
largely of Streptothrix. In the case of cotton exposed for five dajrs to the action 
of damp air, 2,300,000 B svbtdu and some B. fiuorescms were found. The 
effect of this growth is to cause perforation of the cuticle, and this they attribute 
to attack by StrepMhrtx. When the cuticle has become perforated, the fibre 
acts abnormally when treated with swelling agents. It does not give the charac- 
teristic globular swellings and ruptured cuticle forming rings round the hair 
(fig 26), but swells up uniformly, no globular swellings being seen They arrived 
at the following concluuons, and indicated also a method of testing for bacterial 
damage ‘ — 

The presence of a very large number of micro-organisms in raw cotton indi- 
cates that the cotton has been exposed to damp. The presence of a smaller 
number (up to a few millions per gramme) of organisms is due to a contamina- 
tion of the cotton during the various stages of growth and preparation. For 
the quantitative deternunation of the bacterial deterioration of cotton, about 
0*2 gramme of a representative sample of the.cotton is treated with 1 *5 grammes 


|t^i^rbon bisulphide grammes of 15 per cent sodium-hydroxide solution 

I ^\|g»n ^inuteB or Ml, !j^hen the optimum swelling has been attained, the 
ii.tf'oroughly'^ad/jand about twenty fibres are removed and placed on 
a microscope slide, th’ r added, and a drop of water allowed to diffuse into 
the slide ; the numbe^f; ^ ires which under the microscope appear to be attacked 
along their whole k>jgt£ gives an accurate measure of the percentage of de- 
composed fibres present The results are more reliable than those of the alkali 
solubility test. 

Thaysen and Bunker (J Ted. Inst , 1924, 117a) have shown, by means of 
the swelling test, that raw cottons of different origin vary in their resistance to 
destruction by micro-organisms This resistance is due, probably, to difference 
in the physical or chemical nature of the respective hairs. Since the resistance 
disappears when resistant strains are cultivated in a country producing a non- 
resisting type, it is concluded that the resistance is affected adversely by climatic 
or soil conditions Destruction of Indian cottons takes place more rapidly than 
those of American or Egyptian origin. 

It should be noted, however, that Denham (J Text. Inst , 1922, T 240) 
criticises this test. He is of opinion that examination of the cuticle is not 
altogether reliable, and that the test described by Fleming and Thaysen takes 
no notice of the organisms which may grow in the cell walls and lumen of the 
hair, and which often cause damage even before structural alteration can be 
observed 

Having regard to Fleming and Thaysen’s observation of the number of 
B. subtths organisms found on cotton after exposure to damp air, the follow- 
ing experiments (Trotman and Sutton, J.S.C.I., 1924, T. 190) may be referred 
to, although Thaysen was unable to confirm the results obtained — 

When cotton is incubated with a culture of B sublilts, the first effect 
observed is a swelling up of the cell walls and loss of natural twist. This 
IS accompanied by the formation of occasional globular swelhngs (fig. 65) 
which sometimes cause rupture of the cuticle (fig. 66) These swellings are 
not identical with those described by Denham (J. Text. Inst , 1923, T. 85), 
since they were not found in the original cotton The tensile strength, in 
the case of cotton yams, increased slightly at first, reaching a maximum in 
three days. After this it decreased, becoming less than that of the original 
cotton. The water content was in all cases the same when the samples 
were tested. 



180 


BLBAOHIKO AND STNISHING OV COTTON. 


The following table illustrates the rise and fall in tensile strength 


Time of Incubation 
Onginal cotton . 
After 24 houtu 
I. 48 II • 

II 96 II • 

„ 7 days . 


Tensile Rtnuigth. 
ISO 
16 4 
16-5 
184 

. 12-0 


The swelling is accompanied by a sbght decrease in length. The tensile 
strength increases as the swelling proceeds, till the globular formations become 
marked. Loss of tensile strength seems to become apparent when the globular 
swellings are evident. The incubated cotton appears also to have a slightly 
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increased aflSnity for benzo-purpunn. These points are .summarised in the 
following table Six lots of Egyptian cotton yarni each exactly GO yards in 
length, were mnoculated with a culture of B. sul/til%s and incubated at 37*5° C 
One lot was removed at the end of each three days, washed and examined At 
the end of the experiment the samples, together with a control, were wetteil 
with water and allowed to dry at room temperature for several days, to ensure 
the same “ condition ” with regard to moisture. 



1 

Length. | 

! 

Tensile 

Strength. 

Mierdsoopio Apjioaranro 

60 

60 „ 

1 30 

1 34 

Fibres swollen with little twist 

60 ., 

143 1 

»» »» «« » 

09 ytlf, 23 ins 

1 45 

ft ft (t 

59 „ 25 „ 

0 95 

Iiirreosc in damage 

69 „ ZTi „ 

0 97 

9* »• ff 

59 „ 2 „ 

100 

ft »f 


Samples Nos. 4, 5, and 6 contained more of the globular swellings than the 
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earlier ones, and it will be noticed that this point corresponds with the decrease 
in tensile strength. In all cases Schweitzer reagent gave very few characteristic 
globular swellings. 

The action of B. mesenterwus was tested in a similar manner. The results 
were the same, but the action was less marked. A similar swelling of the fibres 
was observed, together with the formation of occasional globular sweUmgs. 
The swelling is also accompanied by an imtial increase in tensile strength, rising 
to a maximum and then gradually falling After four days’ incubation, in one 
example the tensile strength increased from 9*66 to 10-88 and a small but distinct 
increased af&nity for benzo-purpurin was noticed Prolonged incubation gradu- 
ally jiroduced a tensile strength below that of the original, as with B stibttlts 
Corrigan {J Soc. Dyers and Coi., 1920, p. 198) found that cotton can be 
attacked by both aerobic and anaerobic bacteria. 

Moulds or mildew cause both discolorations and destruction of the cotton 
hair, and are the cause of much trouble. Considerable attention has been given 
to the study of this part of the subject. Tie present authors {J S.C.1 , 1909, 
p 1237) have investigated many cases of damage traceable to the growth of 
mould The following is an illustration : — 

A number of pieces of white lace left the finisher apparently in perfect condition, 
but were subsequently returned on account of their having developed a pink 
colour The colour was so evenly distnbuted that the goods appeared to be dyed, 
-yid tlie most obvious suggestion was that they had been accidentally finished 
wdh some coloured goods A microscopic examination showed the presence of 
numerous very fine hyplia* interlaced with the cotton fibres, and subsequent plate 
cultures upon a starch medium similar to the dress used for the lace proved the 
jiresence of a chromogenic mould, which was capable of producing the observed 
jiink colour The point was conclusively proved by infecting sound lace with 
the organiHiiiB. An interesting jioint in connection with it was, that it required 
the jircsenco of a little acid to readily develop its colour, and the dress in question 
Was actually prepared with a small proportion of tartaric acid Careful ex- 
amination of the circumstances under which it was bleached proved that the 
infection was aerial, and occurred while the goods were lying about after the 
soda boil The subsequent operations were not sufficiently drastic to destroy 
the spores jiresent, and, on storing, they developed with the astonishing results 
described The fact that at least a fortnight seemed to be necessary for the 
develojmicnt of the colour explained the goods being passed when finished 

Osborn (J /S C / , 1912, p 636) observed that “ mildew ” in cotton was due 
to both bacteria and moulds. Among these he identified B. megatherium, 
sarcina, aurantiaca, BeiucUlium glaueuin, and Mucor raceinosus. He noted also 
that a certain degree of moisture was essential to growth. 

Levine and Veitch {J. Soc Dyers and Col., 1920, p 119) thought that mildew 
was caused chiefly by such moulds as AUernana, Cladospormm, and some Mueors. 

Sidebotham (J. Soc Dyers and Col, 1922, p 97) traces discolorations to a 
mould termed bolrytis, whilst Broughton and Alcock {J. Soc. Dyers and Col., 1923, 
p 307) think that the chief agents in the case of cotton canvas are fungi of the 
genera Macrosponum and Stemphyhum. 

The following details concerning moulds are taken from a paper by Bright, 
Morris, and Summers (J. Text. lust , 1924, T. 547). 

The frequency with which such cases of damage are reported shows that 
attack by mildew is a serious source of trouble in the cotton industry. As a 
rule moulds will grow slowly at temperatures of about 7° C., but rise of tem- 
perature causes rapid increase of growth till an optimum temperature is reached. 
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beyond which further increase causes a decrease in growth, and finally the 
maximum temperature is reached, beyond which no growth is possible. 


Name of Mildew 

Optimum 

Temperature 

Maximum 

Temperature 

AspeigiUuH (blaok) 

37" C. 

43° C. 

„ (white) . 

25° C. 

37° C. 

Pemrilhum 

27° C 

39° C. 


The presence of sufficient water is also essential if the mildew is to grow, and 
it has been found that growth is possible on a fabric with a moisture content 
of 8 per cent , but is most vigorous when the moisture is between lO-B and 
13 6 per cent During spinning the temperatures are usually between 21° and 
27° C., precisely those which are most favourable for growth Whilst certain 
moulds require starchy substances, supphed in the size, for food, others such 
as Choelomium can attack the jiure cellulose 

Very frequently the raw cotton itself is infected, though, of course, it is always 
liable to subsequent infection The proce.shes of bleaching and mercerising would 
kill any mildew or spores already present, so that such goods, when attacked, 
must have been infected after they had been subjected to the above processes 
111 the early stages the fungus grows round the outside of each fibre, like ivy 
round a tree, but at a later stage it penetrates the fibre and the hyjiha’ may 
be seen running down the central cavity The growth of moulds is invariably 
accompanied by considerable tendering of the yarn The most striking effects 
of the action of mildew are seen on dyed goods. In the first place, cotton which 
has been attacked has an increased affinity for dyes, and secondly, the products 
of mould activity are either of an acid or an alkaline nature, and may therefore 
produce marked changes in the colour of the dye 

The prevention and control of mildew naturally requires a suitable anti- 
septic, but up to the present their application has not been very successful Zinc 
chloride has been used, but it causes harshness , and further, it has been found 
that fabrics so treated are still liable to attack by mildews Other antiseptics 
which have been recommended are phenol and salicylic acid, but experiments 
have shown that neither of these compounds successfully fulfil their object. 
The best prevention that can be recommended is the spreading of methods of 
cleanliness It has also been found that “ nepping ” cotton is much more liable 
to attack owing to the nutritive materials contained in the particles of seed coat. 
Soaking infected fabrics in weak formaldehyde solution for twenty-four hours 
will effectively kill all the mildew, but this comjiound cannot be upphed ns an 
antiseptic in size owing to its hardemng effect on starch pastes Prolonged 
boihng or steaming will steiilise the goods, but will not protect them against 
future infection The composition of the size is also of importance, for it has 
been found that fanna, sago, and tapioca are least liable to infection, whilst 
wheat IS most liable of all, and rice and cassava are only slightly less readily 
attacked Pinally, if mildew is to be prevented, every precaution must be taken 
to avoid excessive moisture 

Kegarding the susceptibility of fabrics to develop mildew, Berners (J. Text. 
Inst, 1924, 117a) states that on fabrics of low moisture content, Aspergillus 
niger and AspergMus glaums moulds are hkely to develop first, while white, 
yellow, and brown Aspergillus may also appear. A shghtly higher moisture 




VIOBO'OltOAiriSlfS AND THBIB ACTION ON COTTON. 


183 


content is favourable to tbe common green mould Pentc^ium glaueum. Mucer 
moulds require also a high humiditf. Cotton itself contains all the ingredients 
necessary for the propagation of mildew, though they are not so accessible as 
those in starch-sizing mixtures. All moulds secrete enzymes capable of destroy- 
ing cotton. 

Enzymes. — It has been stated that when micro-oigamsms decompose textile 
fabrics or dressing materials, they do so by the aid of an enzyme or ferment. 
The process of the production of alcohol, from solutions containing sugar, by 
means of yeast is one of the most important examples of enzyme action. Yeast 
produces several difierent enzymes. The chief of these are — 

1. Zymase, which converts dextrose or levulose into alcohol and carbon* 
dioxide — 

C,Hj,0,=2CgH,0-t 200*. 

2. Invertase, which changes cane sugar into dextrose and levulose — 

C„Ha0u-fHa0=C,Hu0.-|-C«H„0,. 

3. Maltose, which changes maltose into dextrose — 

Other micro-organisms produce the same or different enzymes Acetic, 
lactic, and butyTic acids are all formed in a similar manner, by enzymes pro- 
duced by particular micro-organisms. Others contain enzymes capable of 
liquefying starch or proteins, or of bringing about the decum]>osition of eellulose. 

There arc enzymes, also, which are not produced only by bacteria, although 
acting in a similar manner. Malt, for example, contHins “ diastase,” which is 
able to convert starch into a mixture of dextrose and dextrin Enzymes are, 
111 fact, contained in most vegetable tissues Others are of animal origin. The 
saliva, gastric, and pancreatic secretions of animals all owe their action to the 
presence of enzymes 

Ferments or enzymes are of two kinds, viz. — 

1. “ Organised ferments ” or enzymes, which arc associated with living cells. 

2 “ Unorganised ferments ” which are not necessarily connected with the 
presence of living cells, but can induce chemical change in a sterile medium 

The Nature of Enzymes. — Enzymes are colloidal organic substances which 
give the general reactions of proteins, but which contain, also, a small proportion 
of mineral matter. Their constitution is’unknown, since they cannot be prepared 
111 a i»urc state. They must, however, have a large molecular weight. They are 
soluble 111 water, but are, as a rule, jirecijntated by the addition to their solutions 
of alcohol, sodium, or ammonium sulphate. They are also carried down by such 
bodies as calcium phosphate when precipitated m their presence. Enzymes 
can be prepared by extracting tissues or organisms containing them with water 
or dilute glycerol, concentrating the solution at a low temperature and adding 
a large excess of alcohol The precipitate thus obtained is extracted with water 
and reprecipitated with alcohol. This precipitate is once more extracted with 
water, and the solution obtained is purified by dialysis and again precipitated 
by alcohol. 

Wood {J.S.C I., 1918, T. 313) prepared enzymes by taking advantage of 
the fact that cellulose adsorbs an impure mixture of protein and enzyme, and 
that, after drying, the colloidal protem portion adheres firmly to the papier, 
whereas the enzyme is readily soluble. “ Ordinary circles of Swedish filter- 
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paper (12J cm diameter, ash 0'0095 gramme, weight when dried in air 0'87 
gramme) are soaked in the impure enzyme solution and dried quickly in a current 
of hot air When the dried paper is placed in water the enzyme dissolves, 
quickly forming a perfectly clear solution in a few minutes, whilst the colloidal 
matter with which it is associated adheres firmly to the paper. After twenty 
minutes’ soairing the solution is filtered. The whole of the enzymes are in the 
filtrate.” 

General Properties of Enz]nnes. — Enzymes are white or colourless 
amorphous substances, with well-marked colloidal properties. They act in a 
manner similar to that of ordinary inorganic catalytic agents, % c they induce 
chemical change without being themselves apparently altered The chemical 
changes brought about by the action of enzymes are generally of the nature of 
hydrolysis. Their action resembles closely that of acids. For example, the 
decomposition of starch by means of a dilute acid and by diastase are of exactly 
the same nature, namely, hydrolysis, neither the acid nor the diastase being 
altered. The action of an enzyme differs from that of an ordinary catalytic 
agent in an important particular. The ferment cannot induce chemical change 
indefinitely It is destroyed gradually, during the process, either by ordinary 
wear and tear or by the temperature or the products of the reaction Any given 
quantity of an enzyme can only induce a certain amount of chemical change, 
while 111 the case of the common catal 3 rtic agents no such limit is fixed. Enzymes 
act only under certain definite conditions, which varj with the kind of enzyme. 
Temperature is an important factor As a general rule the enzyme is only 
dctiv’e between certain limits. They arc generally inactive at the freczing-]»oint. 
Their activity increases gradually with rise of tenqieraturc till a maximiiin is 
reached Above this their action becomes gradually less, till a limiting tempi'ra- 
tiiro IS reached, at which they are destroyed When once destroyed by heat 
their activity cannot be restored by cooling. Animal enzymes act best, as a rule, 
at the temperature of the body, i e about 37“ C! Veget.ible enzymes often are 
more active at a lower temjierature, about 25° t' , though diastase of malt is 
most active at 65° C. Temperatures above 65° C. cause restricted action, while 
at from 80° to 100° C. all enzymes arc destroyed. 

As a rule enzymes act best in a neutral or faintly acid solution, but there are 
exceptions Trypsin, the proleolytic ferment of the pane reas, acts best in faintly 
alkaline solutions containing about 0'(© jier cent, of sodium carbonate, and can 
work up also in concentrations up to 2 per cent Pcjisin, on the other hand, 
is most active in a solution containing 0 2 per cent, of hydrochloric arid Trypsin 
IS destroyed by acids and jiepsin by alkalis. As a rule there arc definite pH 
values betweem wliic h a particular enzyme can act. 

Enzyme action is not inhibited by many bodies which inhibit bacterial 
growth, such as thymol, chloroform, fluorides, etc., but laige additions of any 
foreign substance restrict or inhibit their action. Small quantities of neutral 
salts are, however, frequently advantageous Thus, it is claimed that the 
presence of neutral salts renders animal amylases much less sensitive to changes 
of temperature, and also the diastatic enzymes produced by such organisms as 
B. subtiks or B. mesenteriiun. • 

Enzymes bring about three kinds of reactions (Cohen, Organic Chemutry, 
voL in. p. 7U), viz. — 

1 Simple hydrolysis. 

2. Oxidations and reductions. 

3. Induce clotting of certain substances. 
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1. Hydrolj^c Enzymes. — Among the more common enzymes which induce 
hydrolysis are — 

(a) Diastase, which is present in many plants, bacteria, moulds, and germinat- 

ing grain. It converts starch into varying mixtures of maltose and 
dextrin. 

(b) CeUuhse (or cytase), produced by many bacteria, moulds, and vegetable 

tissues. It hydrolyses cellulose into soluble products, such as reducing 
sugars 

(c) Pecfase, a vegetable enzyme which is concerned in the hydrolysis of 

])ertose into pectin and pectic acid. 

(d) Li jMS(‘, which 18 found in castor oil and other seeds, and which hydrolyses 

triglycerides into glycerol and fatty acids 

(c) Emulstn, a vegetable enzyme present in bitter almonds and other plant 
tissues. It hydrolyses the glucoside amygdalin into glucose and hydro- 
cyanic acid. 

(f) Trypsin and jiepsin, the enzymes of pancreatic and gastric juices 
respectively, which hydrolyse proteids into peptones, polypeptones, 
and, ultimately, into ammo acids. 

2 Oxidases and Reductases. — The oxidation of alcohol to aldehyde and 
.acetic acid is brought about by an enzyme produced by the Bacillus aceti. 
Another oxidising enzyme present in malt extract is catalase Its use has been 
suggested for increasing the activity of bleaching solutions Many bacteria 
are .ible to reduce sulphates to suljihurettcd hydrogen owing to the production 
of a reducing enzyme or reductase. 

3 Clotting Enzymes.— When blood is allowed to stand for some time it 
clots. This IS caused by a “clotting ferment” termed thromba.se In a some- 
w hat similar manner milk is clotted by the enzyme rennin. 
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WATER. 

Of all bodies used lu bleaching, water is by far the most important, since it enters 
into every stage of the operations, either as a vehicle for the chemicals used, or 
as a solvent for the impurities which have to be removed. The difierence 
between the results obtained by two different bleachers is very often due to the 
differing eomposition of the water used. 

In selecting a site for a bleach-works, the first thing to be considered is, of 
course, the quantity of available water ; but, too often, if the quantity is sufficient, 
no very searching inqmry is made into its quality Yet quality is of even more 
importance than quantity, since an unsmtable water may make it very difficult 
to obtain the jnire white colour demanded for fine goods, while the loss of soap 
occasioned by hardness and the trouble caused by calcium soaps in the goods, or 
scaling or corrosion of boilers, may cause not only difficulties in working but 
considerable financial loss. Whether water is used f&t steam-raismg or as a 
solvent, the nearer it approaches to theoretical purity the better will be the 
results obtained 

Since, however, pure water is rarely obtainable, it is necessary that one 
should have some accurate knowledge of the imimrities which are likely to be 
met with, and of the effects they will have in practice 

Water occurs in nature in three different forms, viz . (1) Water-vapour, 
(2) liquid water, and (3) ice or snow. All living organisms are composed largely 
of water Living animal tissues, such as muscle, contain about 70 per cent., 
ordinary terrestrial plants from 70 to 75 per cent , and aquatic plants from 90 
to 95 per cent. Many minerals contain either mechanically retain^ or chemically 
combined water Gypsum, for example, has the formula CaSO^ 2HgO. Natural 
water must be continually passing through a cycle of changes in order that it 
may be available for the support ot animal and vegetable hfe This cycle starts 
and ends with the sea It is of the following nature. The heat of the sun causes 
the evaporation of water from the surface of the ocean (and also from that of 
lakes and other exposed surfaces), forming water- vapour Water-vapour, being 
lighter than air, tends to rise and become diffused into the upper atmosphere. 
As it rises, both it and the air become colder. 

Now, the quantity of water-vapour which the atmosphere can hold depends 
upon the temperature, other conditions remaining constant Warm air can 
retain more water-vapour than cold air Thus, a point will be reached when 
the water-vapour present is sufficient to saturate the air. The water-vapour 
then becomes condensed into very fine liquid particles, forming mist or clouds. 
Any further coohiig causes these particles to coalesce into drops of water, which 
fall to the earth in the form of rain, snow, or hail. When this reaches the earth, 
it IS taken up, partly,' by the leaves and roots of plants, from the leaves of which 
it is again lost by eva^ration The remainder either trickles over the surface 
' X86 
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of the earth, forming streams, pools, or lakes, from which it ultimately reaches 
the sea, or suiks into the earth, forming the subterranean supply which is tapped 
by wells. 

Classification of Water Supplies. — ^Natural waters may be classified as 
follows • — 

1. Rain water, including all water denved directly from the atmosphere. 

2. Surface water, that is, rain water which has collected in natural reservoirs 
such as lakes, streams, etc. 

3. Subsoil water, or water which has percolated into the subsoil and collected 
in the uppermost water-bearing strata below the surface. This class includes all 
shallow wells 

4 Deep well water, or water obtained from the deeper water-beanng strata, 
which are protected from the subsoil water by an impermeable stratum. These 
waters have generally travelled a long way through the earth, during which time 
natural purification has taken place 



Fio. 07. — llistiUed water apjiaratus 


Distilled or condensed water is, if made carefully, practically pure water, 
containing only dissolved gases It is made by boiling natural water and 
leading the stream or water-vapour through a condenser Fig 67 illustrates 
an apjiaratus which may be used for this purpose The water is placed in the 
cojiper ve.s8cl A, which is connected to a conden.smg worm surrounded by cold 
water in the container 11. Cold water flows in at C and leaves at D. The 
condensed water-vapour runs out of the condensing worm at E. The dissolved 
salts and solid impurities remain m the boiler A, but dissolved gases are expelled 
and redissolve m the condensed water It may be expelled by boiling the 
distilled water and cooling it out of contact with air. 

Distilled water, generally termed “ condensed ” water, is often made in works 
by condensing steam from a boiler. It may contain dissolved salts owing to 
frothing or priming, in the boiler, which results m the carrying over of some of 
the water with the steam 

Properties of Water. — Pure water is a tasteless, odourless liquid and, when 
viewed in a thin layer, colourless In thick layers it appears to have a greenish 
or bluish tint It is a comparatively poor conductor of heat For example, 
if a test-tube be nearly filled with water and the upper portion held in a Bunsen 
flame, the water at the top of the tube may be boiled while that lower down 
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remains comparatively cool. When the bottom of the tube is heated the water, 
as it becomes hut, expands, and becomes lighter than the colder portions. Con- 
sequently it rises, and the heavier colder water takes its place, becoming in its 
turn heated. In this way a constant current (termed a convection current) is 
produced, which enables the whole mass to become heated. The heating of 
large quantities is for the same reason facilitated by keeping it in a state 
of gentle motion 

As the water is heated it gives oil water-vapour, until a temperature is reached 
at which the pressure of the water-vapour is equal to that of the atmosjihere. 
Ebullition then commences For the normal atmospheric pressure of 760 mm this 
occurs at 1(K)° C If the pressure be increased, the boiling-point rises, while if 
it be decreased, it falls proportionately. That is, the boiling-point vanes with 
the atmosjiheric pressure. At the summit of Mt Everest the boiling-pomt is 
about 72‘’ C In fact, the altitude may be determined by noting the temperature 
at which water boils On the other hand, if the pressure be increased to 2 atmo- 
spheres, the boiling-point is raised to 120° C When water boils, an invisible 
vapour IS produced But when this comes into contact with air, us is the case 
when it issues from the spout of a kettle, it becomes condensed into a cloud of 
minute particles of water known as steam. In order to convert water at 1(K)° C. 
into water-vapour at the same temperature a considerable quantity of heat must 
be supplied The amount of heat necessary to convert 1 gramme of water 
at UI0° (! into vapour at the same temperature is 537 calories 'I'hiH quantity 
IB termed the “ latent heat” of vaporisation. When water-vajiour at 100° (' 
IS reconverted into liquid water at the same temperature, this latent heat is given 
up This IS why cold water can be heated or boiled by passing steam into it. 
When water is cooled to 0° 0 , it freezes or becomes changed into the solid 
state As it solidifies it expands, so that the icc is lighter than the volume of 
water from W'hich it was produced Hence it floats on the surface At the 
same time heat is liberated to the extent of 80 calories for each gramme of 
ice Conversely when ice at 0° C melts to water at the same temperature, 80 
calories of heat must be supplied from its surroundings This is why ice is used 
to reduce the temperature of liquids. When water is cooled it contracts and 
becomes heavier, sinking to the botton of the containing vessel, the warmer 
layers underneath rising to be cooled m turn But water at 4° C is heavier 
than at 0° C Hence when the surface of a lake is frozen, there is always a 
stratum of water underneath which does not fall below 4° C., and circulation 
ceases This prevents the whole of the water in the lake from becoming changed 
into ice, and provides a moderately warm layer in which fish can remain with 
security. 

Water is comparatively incompressible If KKX) c c. of water are subjected 
to a pressure of 2 atmospheres the decrease in volume is only 0'()5 c c 

The most imjiortant property of water is its power of dissolving other bodies. 
All gases, and many liquids and sohds, are more or less readily dissolved It is 
to this property that water owes its use m bleaching. Different substances 
dissolve to diffcnng extents, and some hardly at all It is doubtful whether any 
substance is really absolutdy insoluble m water. Bodies may be classified as 
(I) readily soluble, (2) moderately soluble, or (3) sparingly soluble (or insoluble). 
But water can only dissolve a definite quantity of any particular substance. 
If 100 c.c. of water at 0° C are shaken with excess of any soluble substance or 
salt, till the water has dissolved as much as possible, the solution obtained is 
said to be “ satjurated,” and the weight of the salt which is dissolved is termed 
its “ solubihty ” at 0° C As a rule, the solubility increases with the temperature 
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up to 100 ° C., thougli in a few canes less in dissolved at the boiling-point than at 
0° 0. The following table contains some examples — 



• 

Solubility 


0°C. 

50“ C. 

100“ C 

PutasBium nitrate 

13 0 

860 

247 0 

Sodium chloride . 

35 6 

36 6 

39-1 

Calcium hydroxide 

014 

010 

006 


When a hot saturated solution of a soluble salt is cooled, or when a solution 
which IS not saturated is concentrated, it can no longer retain in solution the whole 
of the dissolved salt The excess, above that necessary to keep the solution 
saturated, is deposited in the form of crystals. These crystals have a definite 
crystalline structure and contain, often, water in combination, termed water of 
crystallisation Thus . 

Copper sulphate CUSO 4 bHjO 

Magnesium sulphate MgS 04 7HjO 

Alum A 4 (S 04 ) 3 (NH 4)4804 24H*0 

Sometimes, when a solution of a crystalline salt is cooled to its saturation- 
point, it does not crystallise and is said to be “ supersaturated ” When a hot 
saturated solution of sodium sulphate is cooled, in a perfectly clean flask, plugged 
with cotton-wool to prevent entrance of dust, and without agitation, it remains 
liquid This supersaturated solution may be kept almost indefinitely. But if 
a numite crystal of sodium sulphate be dropped into the flask, it immediately 
crystallises, fornung a solid mass. An aqueous solution of a soluble salt may be 
either uiisaturated, saturated, or supersaturated. Which it is may be deter- 
mined by adding a crystal of the salt If the solution be unsaturated, the ciystal 
will dissolve ; if saturated, it remains uiidissolved , while if supersaturated, 
rapid crystallisation imniediatelv occurs. 

The Impurities of Water. — Owing to its great solvent action natural waters 
always contain diasolved sahno and other substances. 

The impurities may be either — 

1. In suspension. 

2. In solution. 

The suspended impurities include dirt, mineral matter, vegetable or animal 
debris, and micro-organisms, such as moulds and bacteria. 

The chief dissolved impurities are the gases of the atmosphere, the soluble 
products of decaying organic matter, soluble salts such as sodium chloride, and 
compounds of calcium and magnesium When animal or vegetable matter 
becomes decomposed, soluble compounds containing nitrogen are produced. 
These may be either salts of ammonium, which are readily decomposed when 
boiled with an alkali, or more complex compounds which only give up ammonia 
when heated with an alkaline solution of potassium permanganate. Both kinds 
of compounds are estimated in water by means 0 } the ammonia which they 
yield. This ammonia is termed (1) saline ammonia and (2) albuminoid (or 
protein) ammonia. When nitrogenous organic matter is exposed to the action 
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of oxygen and nitrifying bacteria, it is changed nltimatelv into nitrates. Hence 
albununoid or protein ammonia, saline ammonia, and nitrates all indicate 
nitrogenous organic matter in different states of decomposition. 

Salts of calcium and magnesium oonstitute “ hardness,” a term which wiU 
be described fully later. 

Rain Water. — ^The water most nearly approaching purity is rain water, 
and, if properly collected and available in sufficient quantity, there is no better 
supply. It always contains dissolved oxygen and atmospheric carbon dioxide, 
as well as nitrogen. Traces of ozone and hydrogen peroxide are also frequently 
present. In the neighbourhood of towns it bnngs down with it other dissolved 
and suspended impurities, such as soot, sulphuric acid, putrefying moulds, and 
bacteria. Hence it is only in open country districts that it can be used without 
treatment. Ham water can be freed from its 8uspendi.J impurities by careful 
filtration through sand beds 

A satisfactory filter may be made by filling a small tank with alternate layers 
of pebbles and fine sand, commencing at the bottom with the coarser material 
Or the bottom of the tank may be covered with pebbles to a depth of 1 or 2 
feet, and this, in turn, covered with sand The sand must be renewed at in- 
tervals. The total depth of the filter bed need not exceed 3 feet Alternating 
layers of gravel and sand give more rapid filtration 

Carefully collected rain water has approximately the following composition — 

Parts per 100, UOO 

Total solids 8 00 to fl 00 

Chlonne as chlorides 0 006 „ 1 00 

Nitrogen as nitrate . 0 006 „ 0 02.") 

■Free ammonia traces „ 0 026 

Albuminoid ammonia . tiaces „ 0 026 

Hardness . ... ml. 

The best results m bleaching are obtained with surface waters approaching 
ram water in composition By making use of a proper storage tank and adopting 
a suitable method of collection, it is often possible to obtain a fairly good supply 
of rain water With an average rainfall of from 15 to 18 inches, about 30 
gallons per day can be collected from 100 square yards of collecting surface. 
Although this 18 not a large quantity, it would be sufficient for some of the finer 
and more delicate operations of bleaching. In collecting rain water the following 
precautions must he observed — 

1. The collecting tank must be of sufficient size 

2 If collected from a roof, some method must he adopted by which the first 

portions are rejected, since these will always contain dirt and other matter which 
should not be allowed to enter the storage tank. ' 

3 There must be an efficient filter. 

The first portions of a rainfall may be rejected by means of a Roberts’ Rain 
Water Separator (Thresh, 'Water Supplies,'p. 23), which rejects the dirty water, 
allowing only clean water to enter the tank It contains a canter which is 
balanced upon a pivot. When the canter is full it overturns and discharges its 
contents into a waste pipe, after which the water is directed into the storage 
tank Collection from a roof may be largely supplemented by selecting a suitable 
piece of sloping ground and making its surface impervious to water by means 
of cement. Thus it has been calculated that if half an acre of land were treated 
in this way, about 170,000 gallons of water could easily be collected during the 
SIX winter months of the year. 

Storage tanks for rain water should be lined with cement or other material 
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insoluble in water. Tbe effect of careless collection and storing is seen in the 
following figures in the case of rain water collected from a foul roof and stored 
in a tank the hning of which was not insoluble : — 

Paris per 100,000. 


Total sobds . ... 22 00 

Chlonne as chloride . 1 42 

Free ammonia . 0 042 

Albuminoid ammonia . 0 063 

Hardness ... 16 60 


Surface Water. — When rain falls on the earth, part of it sinks into and 
percolates through the soil. The remainder trickles away over the surface, 
becoming collect^, ultimately, in natural reservoirs such as brooks, rivers, 
ponds, and lakes. Such water is known as surface water. As it flows over the 
land, it carries with it organic matter in vanous stages of decomposition, in 
suspension and solution, and, also, more or less saline matter depending on the 
nature of the soil over which it flows and tlie slope of the watershed. When 
the water reaches its natural reservoir, it deposits most of the suspended matter 
but retains its dissolved orgamc or inorganic constituents The dissolved 
organic matter is, however, rapidly attacked by mtnfying bacteria in the pres- 
ence of oxygen with the formation of nitrates. Thus, unless directly polluted 
by sewage matter, these waters are, as a rule, organically pure They often 
receive considerable additions of dissolved saline bodies from shallow springs, 
bringing in water which has travelled for some distance through the earth. 
Surface water has occasionally a distinct colour, derived from the soil over which 
it has passed, and is generally highly charged with dissolved oxygen. The 
character of surface water is vanable. Where the surface is hard, impervious, 
and unable to support vegetation, the water runs of! quickly and contains but 
little dissolved matter. When the rocks have become disintegrated by weather 
a certain amount of soluble matter is given up and the debris becomes able to 
support vegetable life. In this way both organic and inorganic impurities are 
introduced into the water Where the surface is covered with decaying vege- 
table matter, such as peat, a large amount of organic impurity may be present 
in the water The following types of surface waters of England and Wales are 
given by Thresh in his book on iValer Supplies, p. 29 : — 

1 Water from igneous rocks, such as those of Devon and Cornwall, yielding 
very bttle inorganic matter, but frequently, owing to the presence of peat, con- 
siderable quantities of organic impurities They contain very little lime. 

2. Water from the Metamorphic, Cambrian, Silurian, and Devonian rocks, 
giving water very similar to that from igneous rocks. Most of these rocks are 
very hard and almost impervious. They are found in Wales, Westmoreland, 
Cumberland, Devon, and Cornwall, 

3. Water derived from the non-calcareous Carboniferous rocks occurring 
in Derbyshire, Yorkshire, Lancashire, and North Staffordshire, which are only 
slightly pervious. Much of this water has not more than six degrees of hardness, 
but it IS often highly charged with organic matter. 

4. Water yielded by the calcareous Carboniferous rocks, such as mountain 
limestone and limestone slates. These occur in Northumberland, North York- 
shire, Lancashire, and Mid-Derbyshire. Since these rcTcks are less impervious, 
and are more easily weathered, they do not yield a very soft water — the hardness 
IS sometimes very high. 

5. Waters obtained from secondary rocks stretching from the mouth of the 
Tees to the mouth of the Exe, with a branch running to the mouth of the Mersey. 
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They include such rocks ae Lias, New Red Sandstone, Conglomerate, and Mag- 
nesian Limestone The water obtained from these formations is of variable 
quality 

Upland surface water, owing to its short contact with the earth, approaches 
most nearly natural or ram water in composition When collected from culti- 
vated land its nature is very variable, depending upon the geological formation, 
and the amount and kind of organic matter present 

The following tables {Report of the Rtverg PoUvtton Commitgion) show the 
average composition of samples collected from different geological formations 
The results are expressed in parts per 100,000 


Nov Cacoarbous Strata 



Igneous 

Kocka 

Matamorphic, 
Cambrian, 
Silurian, and 
Devonian 
Koclu 

Yoredale and Mill 
stone Outs and Non 
calcaieous Poitions 
of Coal Measures. 

Lower London 
I'ei tunes and 
Uagshot Bed. 

Total solids . . , 

6-15 

6-X2 

8 76 

18 14 

Chlorine .... 

I IS 

0 02 

1 05 

2 '60 

Nitno nitrogen . 

0 002 

0 006 

0 010 


Ammonia . , . 

0 001 

0 08J 

0 003 

0 012 

Temporal; hardness . . 

010 

0 30 

0 40 

0 9 

Fai manent hardness , , 

2 00 

2 50 

4 80 

5 6 


Water from CaiiCarxovs Strata. 

TliaiB show, M might ba expected, much laiger amouutB of dissolved mineisl oonstitnonts. 



Silunan 

and 

Devonian 

Rocks. 

Mountain 

Limestone 

Calcareous 
Foition of 
Coal 

Measuies. 

Lias, New 
Red and Con 
glonieiato 
Sandstone 

Magnesium 

Limestone. 

Oolites. 

Total solids 


IS 71 


22 79 

18 92 

17 84 

17 46 

Chlorine . 




1 ''.2 

1 .'■.0 

1 40 

1 55 

Nitiir nitiogen 

• 


■XuB 

0 016 

0 013 


0 042 

Ammonu 



0 001 

0 003 

0 002 


0 604 

Temiiorary baldness 


67 

40 

78 

6 4 

6 6 

I’ennanent baldness 

n 

70 

83 

63 

6 8 

68 


Water fboh CucrivATEi) Land 

Tlicso show oonsiderable differences, depending both upon the nature of the strata 

and cultivation 



Non Calcai 
eons Dutiict 

Calcareous 

Distiict. 

Average of 
( alcareons 
Diatiicts. 

Total solids 

9 63 

110 40 

30 08 

Chlonne ... ... 

1-46 

12 75 

2 24 

Nitno nitrogen . . , . 

0 089 

1 005 

0 257 

Ammonia . ... 

0 007 

0 030 

0 003 

Temporuy hardness . . , . 

06 

26 80 

12 4 

Pei 111 luent hardness 

A-3 

42 10 

8 2 
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Subsoil Water. — Lying immediately beneath the surface soil is a stratum 
termed the “ subsoil.” This may be mther pervious or impervious to vater, 
according to its composition. If it be composed of sand, sandstone, chalk, 
gypsum, or other pervious substances, water will penetrate it readily. If an 
impervious stratum, such as clay, lies immediately ^ow this subsoil, the water 
remains, and may be obtained from shallow wells bored into the subsoil. Such 
water is termed subsoil water. If the subsoil be impervious, the rain which 
falls upon the surface cannot penetrate it, and must either flow away over the 
surface or remain in the upper soil, forming a marsh or water-logged area. Thus 
the quantity of water which penetrates into the subsoil depends upon the slope 
of the ground and the nature of the subsoil. Large quantities of water are 
obtained from comparatively shallow wells sunk into the subsoil by extending 
them in all directions by means of horizontal galleries. The water supply of 
villages and country houses is largely drawn from the subsoil. The quality 
of the water is very variable. In the neighbourhood of dwellings it is often 
polluted with sewage and other organic matter, while if the subsoil contains 
soluble salts, such as gypsum or chalk, much of these will be dissolved and 
the water will be hard. Subsoil water may, therefore, be quite suitable 
or unsuitable for use in bleaching. Its variable nature is indicated by the 
following table • — 



Parts per 100,000. 

1 

2 

S 

4 

Total solids . . 

26-60 

148 00 

68-80 

228 00 

Chlonne .... 

3-44 

7 81 

6-66 

2r.-oo 

Nitrogen as nitrate , 

0-80 

2 10 

0-44 

3 56 

Free ammonia . , 

0-002 

0-021 

0-006 

0 000 

Albuminoid ammonia 

0 003 

0-025 

0-001. 

0-026 

Temporary hardness . 

12-45 

29-00 

26-00 

86-00 

Permanent hardness 

2-00 

40-00 

10-60 

80-00 


In Samples 2 and 4 the diflerence between the total hardness and total solids 
is due chiefly to the presence of sodium sulphate. 

Deep Well Waters. — Deep wells are those which are bored through the 
subsoil, and impermeable stratum which lies beneath it, into the water-bearing 
strata below. The sides of such wells are made impervious to water, so that 
only that from the deep stratum is collected. Since the water may have travelled 
a long way through the earth to reach these water-bearing strata, it will have 
been subjected to a long process of natural filtration and purification. Hence 
deep well waters are, organically, among the purest known. They may, however, 
become polluted by subsoil watOT finding access through a fissure or fault in the 
overlying strata But, while organically pure, the dissolved mineral constituents 
may be considerable in quantity, particularljy in the case of water from limestone 
formations. Hence they are not always suitable for bleaching. TUvampl^ are 
shown on p 194. 

Samples 1 and 2 are good water, but No. 3 was found to be polluted by sub- 
soil water entering through a fault in the rock. This water was being used for 
bleaching with unsatisfactory results. 
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Parts ]iei 100,000. 

1 

2 

8 

Total Bolida 

12 00 

25-00 

92 00 

Chlorine 

1 42 

2-60 

9-10 

Nitrogen as niti ate . . 

0 02 

0-00 

1-05 

Free anunonu .... 

0-000 

0-000 

0-40 

Albuminoid ammonia . 

0-010 

0-005 

0-020 

Temporary hardness . 

8-60 

18-60 

26-00 

Peimaoent hardness 

1-60 

2 50 

50-60 


Thebe difierent kinds of water may be illustrated by the following diagram 
(fig. 68), m which the arrows indicate the course of fiow and passage of the rain 
o\er the surface of and through the earth. 

I I I 



The Impurities of Natural Waters, their Effects in Bleaching, 
and their Removal. 

The different kinds of impurities met with m natural waters have been 
mentioned above. These must now be discussed more fully. 

Suspended matter, from whatever source it is derived, is objectionable. 
Suspended orgamc matter is accompanied generally by micro-organisms. These 
may attack cellulose or the dressing materials used, producing tendering and 
discolorations, or decomposition of dressing. Mineral matter in suspension 
may contain iron oxide, which is the cause of both stains and over-bleaching. 
But suspended matter can be removed by an efficient filter. 

Dissolved Gases. — ^All natural waters contain the gases of the atmosphere. 
In addition, carbon dioxide may be taken up during its passage through the 
earth. Mineral waters and those highly polluted with sewage sometimes 
contain sulphuretted hydrogen. Even traces of sulphuretted hydrogen would be 
sufficient to condemn a bleaching water, if this has not been done already upon 
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otbei grounds. Oxygen and carbon dioxide are the most important dissolved 
gases. Carbon dioxide is very readily soluble in water. At 0“ C. and 760 mm. 
pressure water dissolves 1*75 times its volume of the gas. Oxygen is not so 
soluble At 0° C. and 760 mm pressure water dissolves about 7 c.c. per litre, 
or 1 part by weight per 100,000. Surface waters are commonly saturated with 
oxygen. Those obtained from deep wells contain less, but no natural water is 
free from it. Dissolved gases may be expelled from water by heating it. Thus, 
nearly 90 per cent, of the dissolved oxygen is driven ofi from water at 60° C. 
and the whole of it at 100° C. Dissolved carbon dioxide and oxygen may be 
removed also by chemical means. Thus, carbon dioxide may be precipitated 
as calcium carbonate by means of lime water, whilst oxygen can be removed by 
the addition to the water of a readily oxidised substance, such as ferrous hydroxide, 
which becomes changed into basic ferric oxide — 

CaO+COg=CaC 03 

2Fe{0H)3+0+H*0=Fe3(0H)e. 

Dissolved oxygen and carbon dioxide are of importance, because they tend to 
make water corrosive when used in boilers. This will be referred to again 
later. 

Dissolved organic matter cannot be removed by filtration, though if water 
contaimng it be ei^osed to the air in thin layers it is oxidised gradually, giving 
nitrates in the case of mtrogenous constituents. But water which is polluted 
with organic matter is unsuitable for use in bleaching This is particularly the 
case if the organic matter be of animal origin, such as sewage. Sewage always 
contains putrefactive organisms, traces of iron, much sahne and albuminoid 
ammonia, together with salts, such as sodium chlonde. Moreover, animal 
proteins contain sulphur, which under the influence of certain bacteria is changed 
into sulphuretted hydrogen. Sewage, or similar pollution, is indicated by high 
values for chlondes, sahne and albuminoid ammonia. Decomposing animal 
matter gives a considerable quantity of all of these. Vegetable matter gives 
more albuminoid than sahne ammonia and comparatively little chlonde. As a 
general rule it may be said that if a water contains more than 0-025 parts of 
either saline or albununoid ammonia per 100,000 parts it is unsuitable for bleach- 
ing without careful investigation. Even an efiluent from a sewage works should 
not contain more than 0-05 parts per 100,000. 

Iron may, as already mentioned, be closely related to sewage contamination, 
but many unpolluted natural waters may contain it, sometimes in serious 
quantity. The presence of iron need not, as a rule, be considered if the water 
is to be softened, since it will be removed with the hardness. Ferruginous water 
may prevent the production of a fine white colour. This would be particularly 
hkely in the case of goods contaimng unremoved tannic acid, with which iron 
forms a black-coloured compound. It should always be remembered that many 
of the chemicals which are used in bleaching works contain variable but distinct 
quantities of iron, which are more often the cause of discolorations than the 
water. It is difficult to say how much iron should be permitted. Much depends 
upon the method of treatment adopted, but if the goods are finished out of acid 
it is imperative that, after this point, no iron should be present. Goods for 
dyeing must also be quite free from iron. 

S^ts of Galdum and Magnesium. — ^Fiom the point of view of the bleacher 
the compounds of calcium and magnesium (constituting hardness) are very 
objectionable. Hard water is a less powerful solvent than pure water. It 
reacts with some of the constituents of cotton or with reagents used in purifying 
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it, thus delaying oi inhibiting chemical reactions. It causes, also, a great waste 
of soap and may give rise to stains and discolorations in finished goods. 

Hardness in water is due to the presence of the following dissolved salts • — 

]. Calcium bicarbonate, CafHCOg)*; magnesium bicarbonate, MgfilCOg)^. 

2 ('alcium sulphate, CaSO* ; magnesium sulphate, MgSO* , and other salts 
of these metals, such as chlorides. 

Hardness due to bicarhonates of calcium and magnesium is termed 
“ temporary,” while that caused by other salts is known as “ permanent,” 
hardness. 

Temporary Hardness. — ^Although pure water only dissolves calcium or 
magnesium carbonate to a slight extent, yet when it contains dissolved carbon 
dioxide the insoluble carbonates are converted into soluble bicarbonates, as 
shown by the equations 

CaC0a+C0*+H,0=Ca(HC0s)2, 

MgCOa+COg+HgO=Mg(HCOs)g 

Thus, the presence of temporary hardness in water is always due to carbon 
dioxide. These soluble bicarbonates arc readily decomposed when heated, 
reforming the normal carbonates and giving ofi carbon dioxide When water 
containing temporary hardness is boiled, this change takes place, and the carbon 
dioxide being insoluble in boiling water is expelled. The carbon dioxide free 
W’ater is no longer able to dissolve the normal carbonates These are therefore 
thrown down as a precipitate, the water at the same time becoming soft. This 
is shown in the equation 

Ca(HCO8)g=CaCO3+HgO+00g 


Thus, temporary hardness may be defined as that caused by bicarbonates of 
calcium and magnesium, and which is precipitated by boibng 

Permanent Hardness. — This is due, chiefly, to the presence of sulphates 
and chlorides of calcium and magnesium These compounds are readily soluble 
in water, and their solubility does not depend upon the presence of dissolved 
carbon dioxide. Nor are they less, but, on the contrary, more soluble in hot 
than cold water. Boihng the water, therefore, does not affect the hardness duo 
to these salts, and hence it is termed “ permanent.” 

Expression of Hardness. — ^Hardness is generally expressed in terms of 
calcium carbonate, CaCOg This applies to both temporary and permanent 
hardness, and is irrespective of the nature of the salts, ».e bicarbonates, sulphates, 
chlorides of either calcium or magnesium are all stated as calcium carbonate. 
For certain jmrposes, such as water softening, it is necessary to distmguish 
between hardness caused by magnesium and calcium, but for ordinary use the 
common method of description is more oonvement Hardness is expressed 
quantitatively m two ways, viz (1) degrees, and (2) parts per 100,000 There 
is some confusion in the use of these terms, but, as a rule, “ degrees” refer to 
grains of calcium carbonate per gallon of water The term parts per 100,000 
IS better and explains itself. The two methods of expression are interchangeable. 
Thus, 5 degrees of hardness means 5 grains of calcium carbonate per gallon 
Since 1 gallon of water contains 70,000 grains and 1 Ib. 7000, parts per 100,000 
may be converted into grains per gallon or degrees by multiplying by 0-7, or vtce 
versa, grains per gallon divided by 0-7 give parts per 100,000. 


Hence, 5 degrees of hardness are equivalent to — , i e. 7‘1 parts per 100,000. 
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The Properties of Hard Water. — ^When pure soap is heated with alcohol 
it dissolves, forming a clear solution which, if diluted, remains liquid when cold. 
If a little of this solution be added to some distilled water placed in a stoppered 
bottle, the water remains clear, t.e. the soap is dissolved. If, now, the stopper 
be replaced and the bottle shaken, a foam or lather is produced. If hard water 
be placed in the bottle a different result is obtained At first, upon adding the 
soap solution, the water becomes turbid or opalescent As more soap is added 
a precipitate may be produced. If the bottle be shaken, no lather is formed, 
at any rate, till a much larger volume of soap solution has been added than was 
necessary fur the distilled water. This is due to the fact that soluble salts of 
both calcium and magnesium decompose soap with the formation of insoluble 
calcium and magnesium soaps. Sodium oleate, C^^IIggCOONa, is a typical soap. 
It reacts with soluble calcium and magnesium salts in the manner represent^ 
by the equations 

2C„ H3j,G00Na+Ca(HC08)j=(C„H33C00)2Ca +2NaHC08, 

calcium oleate 

2Ci7Ha3C00Na+MgS04=(C„H8sC00)jMg+Na*S04. 

magneaum oleate 

If the addition of the soap solution be continued, the sodium soap is decomposed 
as long as any hardness remains in the water, and no lather is formed when the 
bottle 18 shaken. Only when all the calcium and magnesium salts have been 
decomposed will the addition of more soap solution produce a lather. In order 
to exercise its cleansing properties, soap must be in solution and must form a 
lather. Insoluble soaps are useless. Moreover, their presence interferes with 
the lathering power of a soluble soap. 

For 1 gallon of distiUed water about 10 grains of soap are required to form 
a ])ermanent lather Each degree of hardness in the water makes the addition 
of a further 6 grains of pure soap necessary, while in the case of commercial 
soaps at least 10 grains are required to produce the same results. A water 
containing 35° of hardness will require 350 grains of soap per gallon or 1 lb. 
for 20 gallons. Hence the use of hard water would cause a great waste of soap 

Calcium and magnesium soaps are sticky when wet If hard water be used 
in scouring cotton goods, these soaps adhere to the fabrics or may be precipitated 
within them These soaps are, as a rule, white when freshly prepared and dried, 
but they are decomxiosed gradually upon exposure to air, or when heated, 
becoming yellowish or brown in colour. This is more marked m the case of 
magnesium than of calcium soaps The development of colour depends upon 
the nature of the oil from which the soap was made, and those containing resin 
])roduce more colour than others. If the original soap was made from an oil 
with a distinctive odour, like cotton-seed oil, the gradual decomposition of the 
calcium and magnesium soaps produces a smell reminiscent of the oil. In the 
light of these remarks it is easy to understand what happens when cotton goods 
are washed with soap and hard water. The soap, instead of dissolving and being 
subsequently washed away by the water, is decomjiosed and deposited on the 
fabric as insoluble calcium or magnesium soaj). The goods “ appear ” to be 
quite free from soap very quickly, but in reality they are not. When they are 
dried and kept, the insoluble soaps which they contain are hable to cause loss 
of colour or stains. 

If hard water be used in the boiling of goods with caustic soda, it may prevent 
the complete removal of both proteins and oil by delaying hydrolysis aud 
saponification. The authors, Trotman and Pentecost {J.S C.I., 1905, p. 267), 
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Irailed equal weights of cotton with a 2 per cent, 'solution of pure sodium hydroxide 
made (a) with distilled water, and (b) with water contaimng 40 parts of calcium 
sulphate per ] 00,000. After boiling for two hours, the solution was poured off 
and the residual cotton washed thoroughly with water, the washmgs hemg added 
to the sodium hydroxide solution. The soap and oil and also the proteins were 
then deternuned in each solution In every case it was found that when hard 
water was used less oil and nitrogen had been extracted than when distilled water 
was used. In different experiments from 10-9 to 19'7 per cent more oil and 
from 13'7 to 20*0 per cent, more protem was extracted by distdled than by the 
hard water. 

Sodium chloride and sulphate arc sometimes found in considerable 
quantities in natural waters. They tend to inhibit the hydrolysis of soap 
solutions and thus lower their detergent power. They retard, also, the saponi- 
fication of fat by sodium hydroxide and the solution of the nitrogenous 
constituents of cotton. If these salts are present in large quantities they cause 
finished goods to have a damp feel. Thus, three pieces of the same cotton fabric 
were finished with distilled water and with water containing 17 grammes per 
gallon of sodium chloride and sulphate respectively. They were, after drying, 
ex 2 »osed to the air for a few days, and the water content then determined The 
results were — 

(1) 3-85 (2) 7-50. (3) 7-00 

Nos. 2 and 3 felt distinctly damp by comparison with No 1 . It is su^iposed 
that sodium suljihate and chloride also detract from the lathering power of 
soaps, but cxiieriments made by the author do not confirm this view On the 
other hand, they do actively hinder pedesis (g v ). Owing to their power of 
attracting water they frequently prevent goods from retaining a fine colour and 
dry appearance when finished, and this perhaps is an objection that can be 
urged against .softening a very hard water, since the equivalent of the permanent 
hardne.ss is always left in solution as sodium sulphate The following is an 
illustration of a water containing excess of both sodium Buljihatc and chloride — 

Parts jx-r ] 00,000 


Sodium chloride 12 87 

tSodium su1]iUatp 23 32 

Mafruc'iiuiii rarboiuilc g 79 

Calcium sulphate . g 75 


When tins water is softened the sodium suljihate will be still further increased 
by an amount equivalent to the calcium sulphate present, or 9 18 parts Thus 
the softened water will contain, per 100,000 parts — 

Sodium chloiide . 12 87 

Sodium sulphate . 32 60 

Sodium cliloride and suljihate mhibit to a marked extent the hydrolysis and 
removal of the impurities of cotton by caustic soda This has been shown by 
experiments made by the author which will be referred to later 

Scale-forming and Corrosive Waters. — ^Hard water cannot be used for 
steam-raismg without considerable risk of causing damage to boiler plates, owing 
to the formation of scale Both hard water and water containing other dissolved 
impurities, such as salts of sodium or the gases of the atmosphere, may cause 
corrosion or pitting of boilers, or induce frothing or priming 

Scale -forming Waters. — Scale is formed by hard water in two ways. 
When the water contains temporary hardness the bicarbonates become decom- 
posed m the boiler and the liberated carbon dioxide escapes with the steam. 
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The calcium or magnesium carbonate, which is simultaneously formed, settles 
on the boiler plates, forming a scale. If no permanent hardness be present this 
deposit 16 comparatively easily detached, or it may even be granular and not 
attached to the plates. When water containing permanent hardness is con- 
tinuously concentrated in a boiler, the sulphates of calcium or magnesium are 
deposited, together with the temporary hardness. Owing to the greater solubility 
of the sulphates they are deposited more slowly than the carbonates. For this 
reason the scale formed is much harder and is more difficult to remove from the 
plates, a chisel and hammer often being required. 

Composition of Boiler Deposits.- —Boiler deposits or incrustations generally 
consist of calcium and magnesium sulphate or carbonate, in proportions varying 
with the composition of the water, mixed with silica and iron oxide. The 
deposits containing much calcium sulphate are the most troublesome to deal 
with. The following are analysis of typical deposits : — 



Parts pci 100. 

1 

2 

8 

4 

Silica 

lion o\ide 

Lime 

Magnesia 

Sulnhnrie acid .... 
Carbon dioxide . . 

Organic and undetermined matter 

15 18 

29 12 

16 80 
0-60 

18*47 

21 68 
0-36 

0 47 

2 24 

44 38 

0 82 
28-22 
19-25 
4-62 

o''12 

38 20 
8-62 

48 41 

8 40 
6-85 

1 07 

1 48 

46 54 
1-78 

5- 82 
84-60 

6- 81 


In a clean boiler the temperature of the plates should be approximately that 
of the water. This has been shown by Stromeyer and Baron (/ I.M.E , 1903, p. 
773), who also found that a scale of j inch in thickness raised the temperature 
of the plates by nearly 300° F. Rankine states that a scale of J inch in thick- 
ness raised the temperature of boiler plates from 350° to 750° F. Thus, where 
a scale is present the plate has to be heated to a very much higher temperature 
in order to convert the water into steam. Further, every time the doors of the 

furnace are opened and cold air gains access, there is great contraction of the 

plates. This will be much greater than that of the adherent scale, and thus 
unequal stresses or strains are set up which gradually weaken and wear out the 
best plates. When the scale is thick there is also a considerable loss of heat 
owing to its non-conducting power 

Bankine proved that carbonate and sulphate of calcium offer respectively 
seventeen and forty-eight times the resistance to the passage of heat that iron 
does, and from these figures calculates the following extra expenditure of fuel 
for the generatiop of steam as compared with a clean boiler • — 

For a scale I inch liiiofc, IVper cent. 

ft #f i rr « 60 „ 

tt 1 9f *t 160 ,, 

Other observers, however, do not confirm these figures, but it is certain that 
a scale of any considerable thickness considerably increases the consumption of 
fuel. 

Gardner and Lloyd (J.S.G.I., 1905, p. 392) calculate that, assuming that 1 lb. 
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of coal at eight shillings per ton will convert 9 lbs. of water into steam, the cost 
of evaporating 1000 gallons of water would be four shillings , whereas the cost 
of the water, even including softening, should not exceed sixpence. It is prob- 
ably correct to say that a water of 20° of hardness will cause a loss of 16 or 
20 per cent, m fuel, which means an increase of about one shilbng in the cost of 
evaporating 1000 gallons. 

The deposition of scale is prevented to a certain extent by the use of alkaline 
solution of tannic acid and proprietary preparations. The Inminator process is 
very simple and had, at one time, a considerable vogue. The water is allowed 
to run down plates of alumimum of special dimensions and having corrugations 
of a particular size, depending upon the water to be treated. Storage tanks 
and mams, if far from the boiler, must be coated with a non-conductmg com- 
position, such as bitumen, and the water must reach the boiler as soon as possible 
after treatment. The theory of the action is that the passage of the water over 
the aluminium plates induces a current of electricity, the water being negative 
and the metal positive electrodes. This current causes ionisation of the salts, 
which makes them fall in an amorphous form. At the same time alumimum 
goes into solution in a colloidal solution. 

Corrosive Waters. — ^Many waters are found to corrode the plates or pipes 
of boilers, and the damage caused in this way may be more serious than that 
due to scale. Corrosive waters owe their properties to the followmg causes ; — 

1. The presence of salts which, like magnesium chloride, are hydrolysed 
when heated with steam. 

2. Neutral salts of sodium, such as sodium chloride and sulphate. 

3. Bicarbonates. 

4. Dissolved oxygen and carbon dioxide. 

5. Variations in composition of boiler plates. 

Magnesium chloride is sometimes a contributory cause When a solution 
of this salt 18 evaporated it undergoes decomposition with the formation of a 
basic chloride and hydrochloric acid, in accordance with the equation 

MgC),-j-H*O=MgOH01-fHCl. 

This decomposition is more marked at high temperatures, such as obtain in a 
boiler. Ba,iley and Johnston (J S.C I., 1899, p. 456) state that the liberated 
hydrochloric acid may accumulate in the boiler till a concentration of 1 per cent. 
IS reached, and that damage may be done to the boiler plates long before any 
hydrochloric acid can be detected in the distillate. If the acid be allowed to 
distil, it attacks the condensing pipes and carries iron or other metals over into 
the condensed water. Magnesium chlonde attacks iron in contact with copper 
or another metal more readily than it does iron alone. This is, of course, duo 
to the formation of an electric couple. Even dight differences in the composition 
of two adjacent plates is sufficient to bnng about this result The addition of 
an alkali to the water, or the presence of calcium or magnesium carbonate, tends 
to inhibit the decomposition of ms^esium chloride. 

It is possible that corrosion by free acid may sometimes be due to another 
cause. Heinzelmann (J S.C.I,, 1914, p. 1079) has made the rather important 
observation that at a pressure of 10 atmospheres silicic acid, if present in water, 
liberates strong acids, such as sulphuric or nitric, from their sodium or other salts 

The action of magnesium and other salts has been studied by Ost (J.S.C I., 
1902, p. 1177), who evaporated solutions of the chlorides and sulphates of the 
alkali metals m an iron boiler at 10 atmospheres pressure in the presence of 
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salts of ns-lfiiiTn and magnesium. In all cases, even with distilled water alone, 
hydrogen was given o£E and magnetic oxide of iron found in the residue, but no 
iron was dissolved except in the presence of magnesium salts. The evolution 
of hydrogen is due to the decomposition of water by the iron, and the magnesium 
salts, instead of attacking the metal, react on the iron oxide in accordance with 
the equation 

Fe(OH),+MgCl,— reCls+Mg(OH)j. 

The action is reversible, but only partially. The addition of calcium carbonate 
diminishes the amount of iron dissolve^ by magnesium salts, an amount of 
calcium carbonate equivalent to about one-quarter of the magnesium salts 
entirely preventing the solution of the iron. At the same pressure, in the 
absence of air, a copper boiler was attacked by both magnesium and sodium 
chlorides, but the reaction seemed only to take place in the presence of cuprous 
oxide, from which it was almost impossible to free completely the boiler. 

Other salts, particularly those of the alkali metals, have also some influence 
in causing corrosion. Sodium chloride and sulphate are commonly present in 
natural and always m softened water. Their corrosive action is probably due 
to the liberation of acid by electrolysis due to the formation of local electrolytic 
couples at the surface in contact with the solution and the atmosphere, or at 
points where inequahties in composition of metal exist. 

Contact with a second metal, and overheating, generally increases habihty 
to corrosion. Heyn and Bauer {J.S.C /., 1908, p 569) found that copper and 
nickel both increase the rate of rusting, but brass, manganese, and phosphorus 
have only a small efiect. With few exceptions all salts behave similarly. In 
weak solutions rusting occurs more slowly than in water, the rate increasing 
with the concentration till a “ critical ” concentration is reached. The rate of 
attack of these critical solutions is usually higher than that of water, but is lower 
111 the case of potassium, sodium, calcium and barium chlorides, sodium sulphate, 
and sodium and calcium bicarbonates The rusting in solutions of critical 
concentration is very irregular. The results of these experiments seemed to 
show that, contrary to common behef, alkaline chlorides and sulphates do not 
cause iron to rust more rapidly than water alone, and that alkaline carbonates 
are not always protective except at considerable concentrations Experiments 
carried out by the authors, on the other hand, appear to indicate that at the high 
temperatures of steam boilers, concentrated solutions of neutral salts do attack 
iron even when there is no possibility of an electrolytic couple being present. 

Later work tends to prove that neutral salts do not cause corrosion in the 
complete absence of oxygen. It may start, but soon ceases or drops to a negli- 
gible quantity. Bust accelerates the action, but it may also reduce corrosion 
by adhering to the metal and formmg a protective coating. Goudriaan {J.S.CJ., 
1919, 822a), dealing with corrosion by electrolysis, concludes that in air-free 
water electrolytic action is very small. In the presence of air the corrosive 
action of salts increases with concentration till the “ cntical ” concentration is 
reached. Further concentration diminishes the corrosion, and a “Imut” con- 
centration IS obtained which inhibits it entirely. The greatest corrosion is 
always where the iron is in contact with both air and water. The condition of 
the metal is an important factor. Impurities set up different potentials and in- 
duce secondary effects. Metals may be protected by covering with one of lower 
potential, while contact with one of higher potential, such as nickel or copper 
in the case of iron, increases the rate of corrosion. The critical concentration 
tends to fall with rise of temperature. 
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But others, as mentioned above, incline to the view that oxygen is not essential 
to the setting up of corrosion by electrolysis. M'Lellan {J.8 C.I., 1917, p. 863) 
gives the following example of this. The water contamed per 100,000 parts 
and was free from oxygen 


Total alkalinity 

312 6 { 

Total hardness . 

36 5 

riilorules 

305 7 

Lime hardness . 

23 3 

SuljiIiatcH . 

. 1390 3 

Magnesia hardness 
Alkalis 

12 2 
2333 1 

Total arids 

. 1608 0 , 

Total bases 

2268-6 


He IS of o])ituun that the cause of corrosion may be solely electrolysis. 

He discusses, also, certain other conditions which have been observed to 
accelerate or retard corrosion. While small quantities of caustic soda have 
little effect on corrosion, sodium carbonate stimulates it. M'Lellan suggests 
that if excess of sodium carbonate be present it may liberate carbon dioxide by 
decomposition in the boiler. This would attack the plates, forming ferrous 
carbonate Thus there would be two electrodes, viz. iron and ferrous carbonate, 
which would probably set up a difference of potential and cause corrosion. 
Sodium hydroxide inhibits the hberation of carbon dioxide by dissociation. 
Or the carbon dioxide may act in the maimer shown in the equations if oxygen 
be also present. 

(1) Fe+HjO+COa =FeC0s+H,. 

(2) 4FeC0, }-Oa f 6H80=2Fej(0H)e+4C02 

At boiler temporaturcs equation (2) might be 

3FeC0j+0=Fe,04d-3C0g 

Bicarbonates.— These when heated give rise to carbonic acid, which attacks 
iron with the fiirraation of ferrous carbonate. 

Dissolved Oxygen and Carbon Dioxide.— These arc undoubtedly the 
chief agents causing corrosion Carbon dioxide, when present alone, acts as 
stated above like any other acid, fornung ferrous carbonate and hydrogen The 
action of dissolved atmospheric carbon dioxide would be very small compared 
with that of carbon dioxide liberated in the boiler by the decomposition of 
bicarbonates 

Tillmans and Hcublein ( J S.C.1 , 1917, p 93H) state that while carbon dioxide 
18 not essential to corrosion, it accelerates oxidation when present There exists, 
however, a point of equilibrium between bicarbonates and free carbon dioxide — 
that IS, for a dehmte amount of bicarbonate, a certain quantity of free carbon 
dioxide may be present in the water without causing corrosion. If this pro- 
portion of carbon dioxide be exceeded corrosion takes place. When a water 
containing calcium carlionate and free carbon dioxide, in amounts not exceeding 
those necessary for this state of equihbnum, acts on iron, the metal may be 
attacked first, but owing to the removal of carbon dioxide and deposition of 
calcium carbonate the action soon ceases If a large proportion of carbon 
dioxide be present the protective coat of calcium carbonate is not formed. But 
further, in the (oniplete absence of oxygen no corrosion can take place. 

If oxygen ^be also present, even small quantities of carbon dioxide become 
important. First, ferrous carbonate is formed. This is then oxidised by the 
dissolved oxygtip to feme carbonate, which, in turn, suffers decomposition with 
the liberation of t;arbon dioxide and the precipitation of iron oxide. This cycle 
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then reoonunences and may continue indefinitdy as long as dissolved oxygen is 

(1 ) Fe+HjjCOg =FeC08-f-H2" 

(2) 2FeC08+H,C0j+0=Fe*(C0,)8+H*0. 

(3) Fei(C08)a ^FejOa+SCO*. 

Variation in the Composition of Boiler Plates.— According to Desch 
{J.S.G.I., 1916, p. 61), local couples are caused chiefly by vrant of homogenity 
in the boiler plates. This may be due to either chemical or physical difierences. 
Chemically pure metals may corrode by reason of local physical differences in- 
duced by mechanical means, such as cold working, by which films of amorphous 
material are formed between the separate crystal grains. 

Evans (J S.C.I., 1924, p. 222) has shown that it is possible to produce an 
electric current from a cell consisting of two strips of the same metal immersed 
in the same solution, one strip being aerated by bubbling air over it, whilst the 
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other is protected from access of oxygen. The current is provided by the cor- 
rosion ol the unaeratcd metal and, if the resistance of the whole circuit be 
small, the unaerated strip actually suffers more corrosion than the aerated strip. 
Differential aeration may account also for the special corrosion set up in cavities. 
If a small cavity (fig. 69) exists in the surface of the metal into which oxygen 
cannot diffuse quickly, a current will be produced between the unaerated area 
within the cavity, which will become anodic, and the aerated part of the surface 
outside, which will be cathodic, but will not interfere with further anodic attack. 
At the mouth of the cavity, where the soluble metallic salt from the interior 
mixes with the alkali from the cathodic part outside, hydroxide may be pre- 
cipitated, but it will not inhibit the anodic attack proceeding within. The rate 
of attack is determined by the supply of oxygen to the whole surface outside 
the pit, and since it is all concentrated on the small area within the pit, the rate 
at which the corrosion bores into the metal will be very great. This theory, it 
should be noted, explains also why rust of a loose floccnlent character tends to 
promote further corrosion of the underlying metal, and accounts for the fact 
that corrosion appears to be specially rapid at just the points which are the least 
accessible to oxygen. 

It appears firom these experiments that the all-important thing for boiler 
feed waters is that they should contain no dissolved oxygen or carbon dioxide. 
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Water, at ordinary temperature and pressure, will dissolve about 1 part of oxygen 
by weight per 100,000 parts of water. All natural waters contain dissolved 
oxygen. Surface and subsoil waters are often fully saturated, those from deep 
welb contain less, but generally at least 0*2 parts per 100,000. No water-soften- 
ing process removes oxygen ; in fact, owing to agitation or mixing, the oxygen 
IS liable to be increased by softening. While making the water more suitable 
for bleaching and dyeing we may therefore, at the same time, make it more 
corrosive by (1 ) increasing the amount of dissolved oxygen, (2) leaving bicar- 
bonates m it, (3) adding sodium salts Modem practice, then, in treating feed 
waters is largely directed to removing dissolved oxygen. 

The Removal of Dissolved Oxygen. — There are many ways in which 
oxygen can be removed from water. The following may be noted — 

1. The whole of the oxygen can be expelled by heating the feed water to 
100® C , and about 90 per cent of it is given up at a temperature of 60° C. 

2 Both oxygen and carbon dioxide can be completely removed by treating 
the water with ferrous sulphate and sodium hydroxide. The ferrous hydroxide 
first formed absorbs oxygen rapidly, while carbon dioxide combines with the 
sodium hydroxide. If hme water is used, insoluble calcium carbonate is formed. 
The reactions are — 

(1) FeSO«-)-2NaOH =Fe( 0 H) 2 -fNajS 04 . 

(2) 2Fe(0H)j-l-0-fHj,0=Feis{0H).. 

3. The feed water is brought into contact with thm sheets of iron in a “ de- 
activating tank ” The corrosive action is thus exerted on a cheap, easily replaced 
metal instead of on the boiler plates 

4. The water is sprayed over baflSies in a de-activator, and free and dissolved 
gases removed by heat, vacuum, or by a combination of both. 

5. A counter electromotive force may be employed, but according to Jones 
(J.S C 1 , 1914, p 1080) this 18 only effective when the amount of dissolved 
alkali chloride is equivalent to the calcium sulphate present 

In the Cumberland process a counter electromotive force higher than that 
causing corrosion is introduced The shell of the boiler forms the cathode, the 
anode consisting of pieces of iron inserted in the water and insulated from the 
shell A continuous current is supplied by a dynamo, similar to that used for 
electroplating, working at 10 volts The process is said to be effective both for 
preventing corrosion and for preventing the formation of and the recovery of 
hard scale. 

In another process (Eng. Pat 25893, 1913) graphite plugs are inserted into 
the carbon plates of compound zinc carbon elements which are in metallic con- 
nection with the boiler shell below the water line The passing of a siutable 
current causes the deposit of graphite on the boiler plates that come in contact 
with the heated water and thus protects them from corrosion. 

Foaming Waters . — Waters containing organic or suspended matter often 
foam or prime naturally, but the most common cause is the presence of alkali 
or the salts of the alkali metals in too high concentration. M'Gill {J S C.I., 
1904, p 351) proved that all sodium salts produce foaming when present to 
a greater extent than 1 gramme per btre without pressure. When the water 
IS heated under pressure the quantity necesH.iry to cause foaming is much less 
According to M'Gill, 300 parts per milbon of any sodium salt, reckoned as NaaO, 
render a water unfit for steam-raising, Pnmmg is particularly undesirable when 
the condensed steam is to be used It is often caused by the injudicious addition 
of soda to a boiler or the oontmual use of boiler flmds of unknown or uncertam 
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composition. The following is an example of a water taken from a boiler which 
primed badly and showed high concentration . — 

Parts per 100,000 


Sodium clilonde 1050 00 

lamo . . 108 68 

Magnesia . . . 10 66 

Sulphuric arid . . . 109 50 


Foaming is frequently responsible for contammation of condensed water 
with iron. The question is indirectly connected with the use of softened water 
where the original hardness is high. As will be explained later, when hard water 
is softened there is, as a rule, an exactly equivalent amount of a soluble sodium 
salt left in solution. When such a water is used continuously for a boiler the 
concentration may become very great That this is so is seen m the following 
examples of boiler waters ; — 

• Parts per 100,000. 

Sodium sulphate .... 2162 00 1841 00 

Sodium chloride . . 807 34 489 80 

Sodium carbonate 114 48 03 29 

Sodium hydroxide 193 60 156 80 



CHAPTER XII. 

WATER SOFTENING : INDUSTRIAL ANALYSIS OF WATER. 


Water Softening. — ^All industrial waters having more than 6 parts of hardness 
per 100,000 will repay softemng, while, where the hardness exceeds 10 parts, 
softening becomes a necessity if no better supply be obtainable. 

The removal of hardness depends upon fix^ chemical pnnciples, combined 
with mechanical apphances for the measuring and mixing of the reagents and 
the separation of the precipitates produced. 

Removal of Temporary Hardiness . — Calcium and magnesium bicarbonates are 
removed by expelbng or fixing the carbonic acid which holds them in solution. 
Thus, if the water be boiled, either directly or by means of live or waste steam, 
it quickly becomes turbid owing to the separation of calcium carbonate, and 
ultimately all the “ hme ” is precipitated — 

Ca(HC08),=CaCOg+COj+HgO. 

Magnesium bicarbonate, owing to its somewhat greater stability, is not so 
readily thrown down as the calcium compound This reaction takes place in 
boilers, but is not readily available for outside softening, although elevption of 
temperature is always greatly to be desired in removing both temporary and 
permanent hardness. 

The carbonic acid may be removed chemically by the addition of an alkaline 
hydroxide capable of combining with it, lime or caustic soda being most generally 
employed. Barium hydroxide may, however, sometimes be substituted with 
advantage. The alkali withdraws carbonic acid from the bicarbonates, forming 
alkahne carbonates, and as soon as the carbonic acid is thus fixed the temporary 
hardness disappears — 

Ca(HCOj)j+CaO=CaCO,+CaCOg+H*0, 

Ca(HC08)a+2Na0H=CaC0s+Na8C!0,+Ha0 

It will be observed that when sodium hydroxide is used, an equivalent of 
sodium carbonate is left in solution, which may be subsequently made use of for 
the removal of permanent hardness. 

The removal of magnesium bicarbonate is not quite so simple as that of 
calcium. When lime or soda is added to water containing magnesium carbonate 
in solution, the carbonic acid is withdrawn as before, and calcium and magnesium 
carbonates aie produced — 

Mg(HC 03 ) 8 +Ca 0 =CaC 0 ,+MgC 0 a+Hj 0 . 

In order, however, to precipitate the magnesium carbonate, a second molecule 
of the precipitant is required, which converts it into hydrate, in accordance with 
the equations 

MgCO8+Ca(OH),=Mg(OH)j+CaC0s. 

MgC0,+2Na0H=Mg(0H)j+Na*C08. 

206 
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Thus each molecale of magnesium bicarbonate present requires two equivalents 
of lime or soda for complete precipitation. In dealing with temporary hardness 
it is very important to remember that most natural waters contain some free 
carbonic acid, and that until this is neutrahsed it protects the bicarbonates. 
Therefore, in calculating the quantity of lime or soda necessary, not only the 
temporary hardness, but also the amount of free carbonic acid must be known. 
We have in water three distinct conditions in which carbonic acid exists, viz — 

1. Free carbonic acid. 

2. Loosely bound carbonic acid, as bicarbonate. 

3. Fixed carbonic acid, as normal carbonate. 

If the free carbonic acid is not determined and allowed for and the allowance 
occasionally verified, incomplete softerang may result 

Removal of Permanent Hardness — Calcium sulphate is generally precipitated 
by means of sodium carbonate, double decomposition taking place, resulting in 
the formation of insoluble calcium carbonate and soluble sodium sulphate — 

CaS 0 ^+NajC 0 s=CaC 0 ,+NagS 04 . 

Magnesium sulphate, again, is thrown down m two stages requiring two 
molecules of precipitant, one as carbonate and one as hydrate — 

MgS 0 «+Na*C 03 =MgC 03 +Na*S 0 „ 

MgCO3+Ca(0H)3=Mg(0H)3+CaCO3. 

Magnesium sulphate may be also thrown down completely by caustic alkali as 
hydrate, Mg( 0 H) 3 . 

The reaction between bicarbonates and lime or soda niAy be carried out at 
ordinary temperatures, but the precipitation of permanent hardness is never 
quite completed without the aid of heat ; that is to say, sodium carbonate and 
calcium or magnesium sulphate can both exist at ordinary temperatures in the 
same solution. Thus the removal of temporary hardness is a much simpler 
matter than the softening of permanently hard water ; when this only has to 
be considered it is only necessary to mix the calculated quantity of lime with 
the water, allow the precipitate to settle, and draw off the supernatant soft 
water. In many cases this process is both satisfactory and cheap 

Automatic Softeners. — ^Mechanical water softeners are very numerous, 
but all depend upon the above chemical reactions, the differences being chiefly in 
methods of manipulation. 

The earliest form of water softener was Clarke’s, in which sufficient lime 
was added to remove the temporary hardness, the precipitate being allowed to 
settle, the permanent hardness being neglected. The method is still quite satis- 
factory for waters containing very little permanent hardness ; but it was soon 
found that, in general, permanent hardness is more troublesome than temporary, 
although usually less in amount. Further, where a continuous supply of soften^ 
water is requir^, the time taken for the precipitate to settle becomes an objec- 
tion and necessitates duphcation of tanks. The use of a precipitant, such as 
aluminofernc, is some improvement, but still insufficient for modem require- 
ments. These defects have led to the invention of many forms of automatic 
apparatus, in which the reagents are mechanically measured and mixed with the 
water, and the precipitate removed by means of ffiters, the rate of reaction being 
in many cases increased by the use of hve or waste steam. Water softeners 
may be roughly classified as follows : — 
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1 . Those working at ordinary temperatures. 

2. Those working at elevated temperatures. 

3. Those employing filters for the removal of the sediment 

4. Those relying on gravity for the removal of the sediment. 

In most cases more than one of these cardinal features is involved. 

The essential parts of a water-softening apparatus are — 

1. A reagent tank. 

2. A reaction tank. 

3 A precipitating tank with, or without, a filter. 

4. A soft-water tank 

With reference to those softeners working at elevated temperatures, it must 
be noted that they are rarely satisfactory where heat alone is relied upon to 
remove temporary hardness, since this can only be effected by somewhat pro- 
longed boiling. This cannot be earned out by waste steam, and live steam is 
too expensive. Further, there is comiderable danger of introducing oil and 
other objectionable matter with waste steam. Steam may he regarded as an 
assistant, but not as a satisfactory reagent. The reagent tank is usually connected 
with some mechanical apparatus for measuring and introducing the chemicals 
In some cases they are measured and introduced in bulk into a tank full of 
water subsequently mixed by a current ef air or by some similar device. This 
method, however, is not suitable where a continuous supply of softened water is 
required ; hence it has generally been superseded by some continuous method of 
introducing the cheimcals into the water as it flows into the reaction tank, 
thereby also reducing the cost and size of the apparatus. The reaction chamber 
must be sufficiently large to allow the chemicals time to complete their reactions. 
It should be approximately equal to the hourly duty of the plant (Royle, J.S.C.I , 
1906, p 453). Where the reaction is also the precipitating chamber a somewhat 
larger capacity is desirable if danger of clogging the filters is to be eliminated 

Filtration of the softened water is essential to a continuous apparatus, since 
the time required for the setthng of the precipitate is rather long and variable 
In non-contmuous processes, such as the Archbutt and Deeley, the filter is dis- 
pensed with, the old sludge being used to carry down the fresh precipitate The 
precipitating chamber is sometimes provided with shelves or partitions to arrest 
the precipitate, but, as a general rule, these are not sufficient. A great many 
materials are employed as filtenng media, such as wood fibre, paper pulp, wool, 
gravel, and sand, the filtration sometimes being upwards, as in the case of the 
Paterson softener, and sometimes downwards, as with the Babcock- WiUcox 
process The clogging of filters sometimes causes considerable trouble, and, 
according to Royle, gravel and sand are the only ones which give good results. 
Where sufficient space is available, it is very desirable to provide, even with a 
continuous softener, a setthng tank and to vaw the clear water from this tank 
through a filter The principles of water softening may be illustrated by the 
followmg apparatus (fig. 70). 

A IB a small cistern containmg a mixture of sodium hydroxide and carbonate. 
It flows through a funnel into the corked reaction chamber B, entering at the 
bottom, and at the same time becoming mixed with the hard water entering from 
the main supply. The concentration of the chemicals and the rate of flow is 
such that in a given time approximately sufficient of the reagents are delivered 
to soften the water entering the reaction chamber during the same time. Through 
a second tube, £, reaching to the bottom of the flask, steam is passed to assist 
complete mixing and chemical reaction. A third tube, commencing just beneath 
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the cork, leaves the flask B and passes to the bottom of a second corked flask, C, 
which is the precipitating chamber. A second delivery tube leaves this chamber 
at the top, ending above a filter leading to the store tank D. 

Limits of Softening. — Owing to the solubihty of calcium and magnesium 
carbonates and magnesium hydroxide it is not possible to completely soften a 
hard water. From two to three degrees of residual hardness constitute a satis* 
factory result. Moreover, it is not always desirable to attempt to soften com- 
pletely with sodium hydrate and carbonate, as in certain cases this cannot be 
done without leaving excess of sodium carbonate in the softened water. This 
will always be the case when the sum of the temporary hardness and that due to 
magnesia is greater than the permanent hardness. Archbutt (J.S.C.I., 1891, 
p. 516) has shown that in the presence of excess of calcium hydroxide magnesium 
hydroxide tends to become colloidal and retained in solution. It is therefore 
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better not to add enough calcium hydroxide to precipitate completely all the 
magnesia present, but to stop just short of that amount. In this case the 
precipitate is granular and separates readily. 

Calculation of Quantities of Reagents. — The quantities necessary may 
bo calculated from the equations 

(1) Ca(HCOa)a+Ca(OH)a = 2 CaC 03 -f 2 Hg 0 . 

(2) Mg(HC0,)a+2Ca(0H)g =2CaCOj-|-Mg(OH)*-|-2HaO. 

(3) OaSO^+NajCOj =Na*S04-fCaC03. 

(4) MgS04+Ca(0H)s,+Na,C08=CaC08-l-Mg(0H)g-t-NajS04. 

The reactions lor chlorides and nitrates of calcium and magnesium are 
similar to those of the sulphates. The quantities of reagent cannot be cal- 
culated directly from the hardness unless the magnesia is also known. If, 
however, the temporary and permanent hardness are known and the magnesia 
is determined and calculated into ite equivalent of calcic carbonate, Pfeifer’s 
formulce may be applied (Procter, J.S.C.I., 1904, p. 10). They are as follows, 
the results being in lbs. per 100,000 gallons : — 

Let Ht =Temporary hardness, 

Hp =Permanent hardness, 

Hm=Hardness due to magnesia, 
then 6-6 (Ht-|-Hm)=Iime required, 

10'6 (Hp) =dry sodium carbonate required. 


14 
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For the removal of temporary hardness alone by means of lime the quantity 
necessary is — 

(а) 5-6 (Ht+Hm— Hp) where Hm is greater than Hp. 

(б) 5'6 (Ht-)-Hm) where Hm is not greater than Hp. 

For sodium hydrate and sodium carbonate the formulse are — 

(1) 8 (Ht-l-Hm)=caustic soda required. 

(2) 10'6 (Hp—(Ht+Hm))=sodium carbonate required. 

These formuke show that when the sum of Ht and Hm is greater than Hp, 
free sodium carbonate will be left in solution. 

These results, based upon volumetric hardness determinations, have not the 
same degree of accuracy as those resting upon gravimetric analysis Results 
based upon the soap tests are quite unreliable, and are sometimes the cause of 
apparently unsatisfactory results. 

Qardner and Lloyd (J.S.C.I., 1905, p 392) found that the usual methods 
of calculation cannot be relied upon to give accurate results in the presence of 
large amounts of neutral salts, such as sodium sulphate and chloride, since the 
equation 

CaS04+NajC0a=CaC08+NajS0t 

is, to a certain extent, reversible. 

Selection of a Water Softener. — The type of softener selected must depend 
very much upon the available space, quantity, and nature of supply required 
and the source of the original water Thus, where water can only be obtained 
or IS only required intermittently, a softener of the Archbutt-Deeley type is 
suitable, but where a constant supply is necessary some other form may 
be more desirable. Again, where much steam is available, a softener which 
works at elevated temperatures is indicated The number of water softeners is 
very great, and it would be impossible to describe them all. The following are 
selected as typical, but not necessarily the best. 

Lassen and Hjort Water Softener. — This is a very good type of continuous 
water softener, as distingmshed from non-continuous water softeners, such as the 
Archbutt-Deeley type . There are three essential features the reaction chamber, 
the settling chamber, and the Alter. In a non-continuous water softener the 
filter is dispensed with, the precipitate being merely allowed to settle before the 
soft water is drawn ofi. In this process (fig 71 ), however, a constant stream of hard 
water is led into a reaction chamber, where it comes in contact with the chemicals, 
the mixture being heated by live or waste steam m order to make the softening 
more complete, it being possible to soften a water more completely when the 
temperature is raised than when heating is dispensed with From the reaction 
chamber the water passes into the settlmg chamber, and thence up through a 
suitable filter, and finally into a storage tank. The lime in this process is used 
in the form of milk of lime, which is about 100 times as strong as lime water, 
thus making it possible to reduce the size of the chemical tank. 

Desonptton of Apparatus . — The hard water passes along the pipe K into 
one of the chambers of the oscillatmg receiver R. When this chamber is filled, 
the centre of gravity is altered, causing it to tip up and pour its contents into 
the tank B, at the same time bringing the other chamber of the receiver under 
the orifice of the pipe E. To the side of the oscillating receiver is fitted a tank 
D containing the chemicals, lime and soda ash, or caustic soda. A valve is fitted 
to the bottom of D, actuated by a system of levers fitted to the oscillatmg receiver, 
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80 that at each'oscillation a given quantity of the chemicals can be mixed with 
the water. The water in the chamber B is heated to about 150° F. by means 
of live or exhaust steam. From B the water passes into the settling tank A, 
and from this upwards through filters of wood-wool packed tightly between rows 
of wooden bars. After softening and filtering the water flows into a storage 
tjink 0. The storage tank is fitW with a pressure float F, which regulates the 
flow of water in the pipe K, according to the height of water in the tank 0. 

Paterson Water Softener. — This apparatus (fig 72) is similar to the 
Lassen and Hjort softener, but differs in certain important respects It has 



Fra. 71. — Lasnen and Hjort’s water softener 


a mixing-box precipitating chamber and wood-fibre filter. The chemicals 
used are lime and soda, the lime bemg added to the hard water in the form of a 
saturated solution, instead of adding milk of lime, as is usual. The advantages 
claimed for this saturated solution are that, the strength of the solution being 
known, the exact calculated amount of lime can be added, whereas the strength 
of milk of lime vanes with the quality of the quickbme used ■ lime water shows 
no tendency to choke the valve, and any inaccuracy in the amount added is 
inappreciable, as the solution is very dilute. In this form of softener a measuring 
gear is provided to register the flow of hard water before it comes m contact 
with the chemicals, and a float nding on the surface of the water regulates 
two valves, one controlling the discharge of soda, and the other the discharge of 
lime water. After passing through the wood-fibre filter, the water is led through 
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a filter bed of fine quartz sand, and finally thro* gun-metal ’atrainera, fitted 
with phospho-bronze screens The quartz filter cB easily cleansed by revers- 
ing the current of water and injecting comprei the screens are 
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Fio 72 — Paterson’s rolii-proreBB water softener 


Process of Softening . — The day’s supply of soda is dissolved in water and 
poured into the storage tank ; a ball valve fitted to this tank maintains a uniform 
head of soda, to supplement that discharged through the outlet valves. Once a 
day the supply of milk of lime is prepar^ in the slaking tank and run into the 
saturator. A regulated supply of water passes down the central pipe to the 
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conical bottom of the saturator, and becomes saturated with lime on its way 
upwards. The lime particles settle out, and only a clear solution flows into the 
mixing-box, where it meets the hard water and soda. The nuxture next passes 
through a mixing trough to the precipitatmg chamber ; the bulk of the dissolved 
impurities are deposited here, while the water passes upwards and is filtered 
through wood-fibre. Where the highest purity is desired, the water is further 
freed from any trace of suspended impurities by filtration through the quartz 
filter, and finally run into the storage tank through the gun-metal strainers. 

TTie Archbutt-Deeley Softener. — This softener (figs. 73-75) can be ad- 
vantageously used when a continuous supply of soft water is not necessary. For 
a supply of water less than 6000 gallons per hour, one softening tank is sufficient 
if a storage tank is provided, but if a greater supply is required, two or more 
tanks must be used. 



The aiiparatub consists essentially of a tank into which the water to be 
softened is run. A mixture of milk of lime and carbonate of soda is made in a 
hinall separate tank and run into the softening tank, the contents being thoroughly 
mixed, lly stirring the sediment formed at the bottom of the tank in previous 
operations, this coarser precipitate carries down the more finely divided new 
precipitate and greatly hastens the settlmg Better results are obtained with 
water tontaimng magnesium salts, the hydrate of magnesia forming a coarse 
precipitate, which settles more quickly than calcium carbonate. After a water 
has been softened there is always a tendency for a small amount of residual 
hardness, not removed in the softener, to be deposited, and this is very liable 
to clog the feed pipes of the boilers A special feature in the Archbutt-Deeley 
process is the removal of this tendency by carbonating the softened water, the 
sparingly soluble carbonates of lime and magnesia being converted into soluble 
bicarbonates. 

Process of Softening . — The hard water is run into the tank by means of the 
supply pipe (1, fig. 73) up to the level of a gauge mark on the side of the tank 
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Whilst the tank is being filled the calculated qnaL^I-j^jgg qJ quicklime and car- 
bonate of soda are weighed out into the small tan%j ^ 2 . fig. 74) and boiled with 
water by means of live steam. In the case of cerlL^jj^ waters it is necessary to 
add a little alumino-femc This is added in the req^ proportion in the form 

of a standard solution, immediately after running in'* cheTpieals. When the 

tank IS filled to the mark, the inlet valve is closed, is admitted to the 

blower (3), causing a current of water to circulate up thl^ -ough the rose (4), the 
three-way tap (5), down the vertical tube, and into the tank *. through perforations 
in a row of horizontal pipes (6). The three-way tap is then «-^nuened and the 
solutions of chemicals run into the tank and thorougUy mixed by\ , means of the 
currents caused by the steam. (The parts of the apparatus number^’ 3-7 will 
be beat seen by reference to fig. 75.) Air is next blown through the perforau ^lons 



Fig 74 — Elevation, part m section, Aiohbutt-Deeley water softener {Mather dk Plait) 


in the pipe (0) by opemng the tap (8), and then, by reversing the three-way 
tap (5), air is blown through the perforations m the under side ol the lower 
tube (9), storing up part ol the old precipitate in the tank. After air has been 
blown in for about ten minutes the precipitate is allowed to settle, and, after 
standing for about an hour, the water ui the tank is practically clear to a depth of 
6 feet from the suiface The water is now allowed to run off through the mouth 
(13) of a hinged pipe (10), the mouth being kept just below the surface of the 
water by means of floats As the water flows down this pipe it is met by an 
ascending stream of carbon dioxide and air produced by burning coke, which 
IS forced up the pipe, and this carbonates the softened water, which is now run 
into a supply tank. 

The precipitate which collects at the bottom of the settling tank, technically 
known as “ mud,” must be removed from time to time. This is effected by 
means of a discharge pipe fitted with a plug, or in large tanks, and the mud is 
swept out through doors. 
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Harris Anderson Water Softener (Bsron and Stromeyer, he. ciz.) — The 
apparatus (fig. 76) consists of a distributor, a lime tank, soda tank, air vessel and 
reaction tank, and settling tank with a filter. The distributor has a circular weir, 
the water flowing from the circumference to three central compartments, and 
thence to the air vessel, to the lime tank, and to the soda tank respectively. The 
air vessel, by means of its syphon, acts as an air pump and agitates the milk of 



lime in the lime tank, in which pipes and cones are arranged for this purpose. 
The soda tank consists of four cylinders, the solid soda being poured into a cage, 
the centre one, while the water flows into the second inner cyhnder, and, according 
to the strength of the low-lying soda solution, either passes straight down or 
overflows into the second cylinder. 

Worhvng . — The water supply passes through a vertical turbine to the cir- 
cumference of the distributor, thence over the circular weir, the rarcumference of 
which is properly subdivided, to the air vessel, the hme tank, and the soda tank. 
Alternately the water rises and sinks in the air vessel and drives the air into 
the lime tank, agitating the milk of hme ; then the water in the air tank is 
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syphoned out and the action is repeated. The amount of water added to the 
lime regulates its supply, and can easily he altered by shifting the subdivision 
on the circular weir. The central cylinder of the soda tank is filled with soda 


Inlet 



crystals, which partly dissolve in the water, the heavy soda solution settling at 
the bottom as shown A small, but constant, supply of water is run from the 
distributing weir into the second cylinder, passing through the dense fluid at 
the bottom and up outside the third cylinder. Should, however, this rising 
solution be very dense, then the added water will flow over the top of the second 
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cylinder and under the third cylinder. Thus, by adjusting the height of the 
second inner cylinder, a soda solution of a definite strength is obtained The 
sediment formed in the reaction chamber and in the settling tank is run out 
through a sludge cock 

Paterson Exhaust Heater and Porliier. — Where exhaust steam is used 




Fro 77. — Paterson’s exhaust heater and softener. 


for heating purposes in connection with water softening, it should be passed 
through some form of oil separator before entering the softener. The Paterson 
exhaust heater and puniier is interesting, in that it combines the removal of 
temporary hardness by means of steam with the simultaneous separation of the 
oil (fig. 77). 

The hard water supply, controlled by the float in the feed-pump suction 
tank, enters the chemical supply apparatus, where it is measured continually in 
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its pansage through a narrow vertical djacharge weir, which makes the water level 
in this chamber very sensitive to variation in the amount passing A large float 
in an adjoining compartment controls the position of two long tapered valves 
which regulate the discharge of aoftemng reagents. The level of the softening 
reagents above the tapered valve seats is kept constant by ball-cocks connected 
to the chemical storage tanks alongside Ibe hard water and the reagents are 
thoroughly mixed in the horizontal mixing trough, and pass through a water seal 
into the heating chamber. 

The exhaust steam enters on the right, and after passing through a pre- 
liminary grease separator, for the removal of the black oil, enters the heating 
chamber and passes through the trays in a counter-flow direction, finally escaping 
to the atmosphere. 

The heating trays are constructed of light sheet steel, and can readily* be 
withdrawn for heating purposes. 

The water from the distributing box falls into the centre of the top tray. 
Owing to the great length of the trays the water overflows at the edges in ex- 
ceedingly thin films, which cling to the under side of the trays, dropping from 
the centre into the middle of the tray immediately below After working its 
way to the edges of No 2 tray, it again overflows on the under side of the tray, 
and drops into the middle of No. 3, and so on. By this means the exhaust steam 
comes into film contact with the water and removes the tcmjiorary hardness 
without the aid of chemicals, by driving ofl the carbonic acid gas and precipi- 
tating the lime salts in and on the trays. 

The reaction is as follows . ~ 

Ca(HCO,)j=CaCO*-l-CO*-fHjO. 

For the removal of the permanent hardness, sodium carbonate is necessary, 
and by means of the chemical supply apparatus this is added iti accurate pro- 
portion to the amount of water passing. 

The heavy impunties are deposited m the heating chamber, and sludged to 
the dram The water then passes into the precipitating chamber, where the 
bulk of the impurities settle out, the purification being obtained by upward 
filtration through wood fibre The softened and purified water flows into the 
feed-pump suction tank 

It IS important to check the punty of the chemicals used, particularly in the 
case of lime Methods for testing both lime and sodium carbonate are given in 
Chajiter XIX 

In order to get good results with any type of water softener, it is imjiortant 
that the apparatus should not be worked beyond its cajiacity This is jiarticu- 
larly imjiortaiit in the case of a lime and soda process, for the separation of the 
precipitate is not instantaneous J. W Wood (J S.C.I., 1917, p 1256) studied 
this ((uestion very carefully with a water containing 25 parts of hardness per 
100,000, illustrating the course of the action by the following experimental 
method The water to be softened is placed in a vessel about 1 foot deep and 
5 inches in diameter, through which a powerful beam of light can be projected 
in a vertical direction by means of a reflector. 

At first the water is perfectly clear and the beam is not visible as it passes 
through the water, nor arc the conditions changed on adding the theoretical 
quantity of lime water The water remains clear for two or three minutes, after 
which a slight opalescence appears, which gradually becomes more marked until 
the vessel becomes filled with a milky fluid, but no individual particles can be 
seen After this stage the particles grow either by addition of fresh material 
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or bj segregation, but, in any case, appear to become fewer in number and tbe 
mixture acquires the character of a true suspension with particles of appreciable 
size, the water between them being perfectly clear. After the particles have 
reached appreciable size they settle slowly, leaving the hquid clear. During 
the first three or four minutes, during which the water remains clear, the deter- 
mined hardness corresponds with the sum of the original hardness and the added 
lime. If a little wet precipitate from a previous experiment be added, the pre- 
cipitation becomes too rapid to detect any intermediate stages. Raising the 
temperature to 15° to 20° C. also increases the rate of action, as also does the 
addition of slight excess of lime. Filtration is also an important factor in 
accelerating the rate of precipitation. 

With lime alone the time required for complete softening was found to be 
ninety minutes, and for lime and soda in correct proportions, fifty to sixty 
minutes This can be reduced to forty minutes by the use of more lime and soda, 
but, according to the author, the softemng plant should be large enough to allow 
the full fifty minutes for the water to pass through. 

The Permutlt Process. — This method, which is to a large extent replacing 
the other forms described, depends upon the use of zeolites. These are hydrated 
silicates of aluminium with calcium or sodium They occur naturally, or may 
be manufactured artificially. Artificial zeolites containing sodium are termed 
“ permutlt,” such as Na2O.AljjOa.2S1O2.6H2O. When permutlt is brought 
into contact with an aqueous solution of a salt of calcium or magnesium an 
exchange of sodium for the alkaline earth metal takes place If sufficient sodium 
permutlt be present the whole of the calcium and magnesium are removed from 
the solution, an exactly equivalent quantity of the sodium salt of the acid 
remaining 

This IS illustrated by the equations 

NajO.AljOj 2Si02+Ca(HC0,)=Ca0 Al803.28i02-f 2NaHC03, 

Na20 AI2O3 2 Si 02 -f-CaS 04 =Ga 0 Ala03.2Si02-i-NBgS04 

It should be noted that when temporary hardness is removed an equivalent 
amount of sodium bicarbonate is left m solution This for certain purposes 
has to be taken into account. To soften hard water it is simply allowed to 
percolate through a layer of permutlt m the form of granules After a time 
the softening action ceases, owing to all the sodium having been replaced by 
calcium or magnesium with the formation of calcium or magnesium permutit. 

The calcium permutit is now washed with a solution of sodium chloride, when 
sodium permutlt is regenerated in accordance with the equation 

Ca0.Alj03.2Si02-f-2NaCl=CaC]g-|-Naj0.A]20g.2Si02. 

The soluble calcium chloride is carried away with the salt solution. The 
residual salt and calcium chloride is washed away with soft water and the re- 
generated sodium permutlt can now be used again. The process is capable of 
being continued mdefinitely, subject only to wear and tear of the permutit. 

An example of the plant used is shown in fig. 78. 

Since each molecule of calcium or magnesium bicarbonate present in the 
original water gives rise to an equivalent of sodium bicarbonate, the alkalimty 
of the water may be high after softening. Though an absolutely “ soft ” water 
can be produced, the quantity of permutit required per thousand gallons, and 
also of salt for its regeneration, is considerable for very hard waters. For these 
reasons it is often more economical to combine the permutit process with pre- 
cipitation. For example, the temporary hardness may be removed by means 
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of lime, leaving only the permanent hardness to be dealt with by the permutit. 
In this way, not only is the quantity of permutit and salt reduced, but the pres- 
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Fig. 78. — Permutit softener. 


ence of sodium bicarbonate in the softened water is also avoided Such a com- 
bination is represented by the equations 

CaH(C08)j-fCa0-=2CaC08-fHs0, 

NagA]40,2Si08-fCaS04=Ca0Alj0328i08-fNajS04. 
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Modified types of permutit may be used also for removing other impurities, 
such as free alkali and iron, from water For removing free alkah hydrogen 
permutit is employed, prepared by heating sodium permutit with an acid. The 
compound exchanges its hydrogen for sodium in an alkaline solution. 

Iron may be removed from water by means of manganese permutit. If 
calcium permutit be treated with a solution of manganese chloride, a manganese 
permutit is produced of the composition Mn0Al20s2Si0g Manganese permutit 
when treated ivith a solution of calcium permanganate exchanges its MnO for 
CaO, but at the same time an oxide of magnanese, MnOMugO,, is precipitated on 
the surface of the permutit in an adherent form — 

Mn0Alg032Si0g+Ca(Mn04)2=Ca0Alg0328i0g+Mn0Mng0,. 

This compound contains available oxygen, which it gives up when water con- 
taining iron IS passed over it. The iron is oxidised to insoluble ferric oxide, 
which remains on the surface of the permutit. 

Permutit may also be made use of for the purification of polluted water. 
Organic matter is oxidised by adding to the water a slight excess of sodium or 
potassium permanganate. Some of the manganese is precipitated as an oxide, 
but some remains in solution. The latter is removed as manganese permutit as 
indicated above. 


The Analysis ot Industrial Water. 

Determination of Hardness. — ^For industrial purposes, where only the 
“ total hardness ” is required, an approximate method, using “ standard soap 
solution,” 18 generally employed. 

This depends upon the fact that when a solution of soap is added to a hard 
water no lather is produced on shaking until all the calcium and magnesium 
have been precipitated as insoluble soaps. When this has taken place, further 
addition of soap solution, followed by shaking, gives a permanent head or lather. 

The following solutions are required for this test . — 

1 Standard Calcium Chloride. — This is made in the following way . 
0-2 grammes of Iceland spar is placed m a dish, dilute hydrochloric acid is added 
and the dish covered with a clock glass When the spar has dissolved, the clock 
glass IS rinsed with distilled water, the washings being collected in the dish. 
The solution is then evaporated two or three times to expel hydrochloric acid, 
after which it is dissolved and made up to 1 litre Fifty c c of this solution 
contain calcium equivalent to O’Ol gramme of calcium carbonate. 

2. Standard Soap Solution. — Twelve grammes of oleic acid are dissolved 
in industrial spirit and exactly neutrahsed with alcoholic potassium-hydroxide 
solution, phenolphthalem being used as indicator. The solution is then made 
up to 1100 c.c with 50 per cent industrial spirit After standing for a day it 
IS filtered and standardised. For this purpose 50 c.c. of the standard calcium- 
chloride solution are placed in a stoppered bottle of about 100 c.c. capacity. 
The soap solution is then run in from a burette, 1 c.c. at a time, the stopper 
being replaced and the bottle well shaken after each addition. As soon as a 
temporary lather is observed, the soap solution is added carefully till, after 
shaking, the lather is permanent for two minutes. From the number of cubic 
centimetres of soap solution used, its strength in terms of calcium carbonate 
con be calculated. One htre is then diluted with 50 per cent, spirit to a con- 
venient strength, say 1 c.c.=0-001 calcium carbonate. 

In order to test the hardness of a sample of water, 60 c.c. of it are placed 
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in the otoppered bottle and titrated with the soap solution as described above. 
If 10 c.c. of soap solution are required to produce a permanent lather, we know 
that 50 c.c of the water contain lOxO-001 gramme calcium carbonate Hence, 
the hardness is 20*0 per 100,000, t.e. 14 degrees of grains per gallon. If more 
than 15 c.c. of the soap solution are necessary the results cannot be relied on. 
In this case a smaller volume of the water must be used, making it up to 50 c.c. 
with distilled water. 

The result obtained indicates the total hardness of the water. 

The permanent hardness may be estimated in the following manner : One 
hundred c c. of the water are boiled in a beaker till about 70 c.c have been 
evaporated. The residue is washed into a 100 c c flask with freshly boiled cold 
distilled water (t.e free from carbon dioxide) After cooling, the contents of 
the flask are made up to the mark with the carbon-dioxide free water, mixed and 
filtered The residual permanent hardness is then determined in 50 c c of the 
filtrate If the result obtained be deducted from the total hardness, the tem- 
porary hardness is obtained. 

The soap test is not accurate. It is useful for checking the hardness of a 
softened water, or for cases where a rapid, though approximate, result is nocessarj' 

For accurate results, hardness must be determined by a method depending 
on titration with standard acid. For temporary hardness, 100 c c. of the water 
are titrated with decmormal hydrochloric or sulphuric acid and methyl orange. 
Each cubic centimetre of acid used corresponds to 0-005 parts of hardness 
expressed as calcium carbonate. 

The determination of temporary hardness by titration with acid, using methyl 
orange as the indicator, is rather difficult. The change of colour is not very 
sharp. This difficulty is overcome by using the method of Pfeifer and Wartha, 
in which alisann is the indicator. But since aliisarin is sensitive to carbon 
dioxide the titration must be carried out at boihng-point, or the liquid boiled 
after each addition of acid to expel carbon dioxide The following details are 
taken from Procter’s Leather Chemists' Pocket-Book — 

Temporary Hardness. — To 100 c c of the water a drop or two of 2 per 
cent, purest alizarin paste are added Decinormal acid is run in till the violet 
colour changes to lemon yellow. The solution is then boiled. As soon as the 
carbon dioxide is expelled the violet colour reappears The boiling solution 
IS now titrated with the decmormal acid till the lemon colour is permanent after 
boiling. This indicates that all the temporary hardness has been neutralised. 
The hardness is calculated from the volume of acid in the usual way 

Permanent Hardness. — One hundred c c. of the water are pipetted into 
n hard glass flask, and 10 c.c of decinormal sodium hydroxide and 10 c.c of 
decmormal sodium carbonate are added The contents of the flask are then 
boiled gently for about half an hour to precipitate the temporary, and decompose 
the permanent, hardness The calcium salts are precipitated as carbonates 
and magnesium salts as hydroxides The concentrated residue is now filtered 
into a flask, the paper being washed with boiled distilled water The filtrate 
is cooled and titrated with decinormal acid and methyl orange Each cubic 
centimetre of decmormal alkali which has disappeared corresponds to 0-005 
grammes of permanent hardness expressed as calcium carbonate. The deter- 
mination may be checked by dissolving the precipitate on the filter-paper in 
excess of decinormal acid, boiling to expel carbon dioxide, and then titrating 
back. This will give the total hardness. 

Filtration may be avoided by the following modification of the process: 
After boiling, as described above, the mixture is washed into a stoppered 250 c.c. 
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flask with boiled distilled water, and allowed to cool. Sufficient cold carbon- 
dioxide free-distalled water is then added to bring the volume up to 2.50 r.c., 
the contents of the flask well mixed and allowed to stand till the precipitate 
has settled. Fifty c c. of the clear solution are then withdrawn by means of 
a pipette, and the residual alkali is determined by titration. 

Hardness due to Ma^esium. — ^It is often desirable to know how much 
of the hardness is due to magnesium ; for water softening it is essential. Mag- 
nesium hardness may be determined, also, by Pfeifer’s method. 

One hundred c.c. of the water are accurately neutrahsed with decinormal 
hydrochloric acid, and boiled till the carbon dioxide is expelled. The residue 
IB washed into a 200 c.c. flask and mixed with 100 c c of filtered lime water. 
The mixture is heated in boiling water to complete the precipitation of the 
magnesia, cooled, and made up to the mark with carbon dioxide free water. 
The contents of the flask are well mixed and allowed to stand till the precipitate 
has settled. Fifty c.c are then withdrawn with a pipette and titrated with 
decinormal acid and jihenolphthalein. The value of the hme water in terms of 
decinormal acid must also be determined From the quantity of lime which 
has disappeared the magnesium hardness can be determined. The reactions 
involved are — 

MgClj -t-Ca(OH)j=Mg{OH),+CaCls, 

Mg804-fCa(0H)2=Mg(0H)j-fCa804. 

Example. 

Fifty c 0 of the hme water require 22 6 c.o N/10 oeid. One hundred c c of the mixture 
require 20 I c o N/10 aeid 

Therefore 22 fl— 20‘1 —2 4 o e N/10 aeid eorrespond to the magnesium hardness in SOc c. 
of the niiginal water In terms of caleium carbonate the hardness w 2 4X0 005 in 60 o c of 
water 

Anderson’s process for the determination of hardness caused by magnesium 
IS somewhat simpler tjian that just described, and is particularly suitable for 
the examination of softened water. The following details are taken from 
Anderson’s paper (J SCI., 1915, p. 1180) — 

In order to calculate the correct quantities of lime and sodium carbonate 
to use for softening a water, we must determine the following data. (1) Free 
carbon dioxide, (2) alkalinity or carbonate hanliies.s, (3) total Jimo, (4) total 
magnesia. 

Free carbonic acid is estimated by titration with sodium carbonate and phenol- 
phthaleiii as already described. 

Total hardness is next determine*] in the following way ■ One hundred c c. 
of the water are made slightly acid with hydrochloric acid, and concentrated 
to about 30 c c. and washed into a graduated 100 c.c flask Methyl orange is 
added, and the liquid is exactly neutralised with N/10 alkah Ten c.c. of deci- 
normal sodium hydroxide and also of decinormal sodium carbonate are now 
added, and the mixture is boile<l for two or three minutes to precipitate the 
calcium and magnesium The flask and its contents are then cooled, made up 
to the mark with cold carbon-dioxide free water, end filtered. The alkali in the 
filtrate is then titrated to obtain the total hardness. In the determination of 
magnesiwn hardness, advantage is taken of the fact that magnesium can be 
completely precipitated as magnesium hydroxide by cold sodium-hydroxide 
solution in the absence of carbon dioxide. One hundred c.c. of the water are 
acidified^ and concentrated as described above. The concentrated residue is 
washed into a stoppered cylinder and exactly neutralised. After neutralising, 
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10 c.c. of N/10 sodium hydroxide are added, followed by carbon dioxide free- 
distilled water to bring the volume back to 100 c.c. The stopper is then inserted 
and the contents of the cylinder are well mixed After standing till the precipi- 
tated magnesium hydrate has settled down, a portion of the clear supernatant 
liquid IS pipetted out and the residual sodium hydrate determined by titration. 
The magnesium hardness is calculated from the sodium hydroxide that has 
disappeared, either in terms of calcium carbonate or magnesia as desired. The 
calcium hardness is obtained by deducting the magnesium hardness, expressed 
as calcium carbonate, from the total hardness. From these data the quantities 
of saturated lime water and soda ash required for softemng are obtained by means 
of the following formula! ; — 

Temporary hardness X 0-62 —percentage of lime water, te volume 

per 100 parts of water. 

Temporary magnesium hardness X l‘24=percentage of lime water. 

Permanent calcium hardnessxO-lb =lbs of soda ash per 1000 gallons. 

„ magnesium hardness x 0‘62= percentage of lime water. 

„ „ „ X 0‘15=lbs of soda ash per 1000 gallons. 

Newland's method for estimating hardness (J S.C 1 , 1916, p 445) has 
many interesting features. It is carried out in the following manner : — 

1. Temporary Hardness. — To 100 c.c. of the water add 2 c c. of methyl-red 
solution. Then add decmormal acid till a light red colour appears. Now boil 
to expel carbon dioxide. Add more decmormal acid, boiling after each addition 
till the colour no longer disappears. Methyl red is yellow in neutral solution, 
but red at a hydnon concentration of 10“® or 1 /10(),00ON Methyl orange does 
not become red till the acidity is ten times greater, %.e. about 10”*N Moreover, 
the end point is not sharp with decmormal solutions, and cannot be seen m 
artificial light. Methyl red is also better m the presence of ammonia It is, 
however, very sensitive to carbon dioxide, which must be removed by boiling 
The indicator is made by dissolving 0-05 gramme of the dye in a litre of 80 per 
cent, spirit. In determming temporary hardness the trouble of constant boiling 
may be avoided by addmg excess of decmormal acid, boiling to expel all the 
carbon dioxide, and then titrating back with decinormal sodiuni-hydroxide 
solution 

2. Permanent Hardness — To 100c c of the wat« add 10 c.c of N/25 potassium- 
carbonate solution and evaporate to dryness on the water bath The residue 
IS mixed with 10 c c of 20 per cent alcohol, warmed on the water bath and 
filtered The dish and filter are then washed four times with 90 jier cent alcohol. 
The filtrate is titrated as above The precipitate remaining in the dish and on 
the filter is used fur the determination of total hardness. Magnesium and 
calcium carbonates are insoluble in 90 jier cent alcohol Potassium carbonate 
IS more soluble m alcohol than sodium carbonate. 

3 Total Hardness. — This may be determined by dissolving the precipitate 
(2) m excess of decinormal acid, boibng and titrating back. Or it may be found 
from the sum of the temporary and permanent hardness, or by neutralising 
100 c c. of the water as in the determination of temporary hardness and 
evaporating with potassium-carbonate solution, and proceeding as in the deter- 
mmation of permanent hardness. The method can also be extended to the 
determination of calcium and magnesium. Calcium carbonate dissolves in a 
large excess of ammonium carbonate, but is re-precipitated on boiling. At 
ordinary temperatures magnesium carbonate is not precipitated, but is on 
boihng. With excess of ammonium carbonate the precipitate dissolves, and is 
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not thrown down on boiling. That is, magnesium salts give no precipitate with 
excess of ammonium carbonate, even on boiling. Hence we may determine 
the hardness due to calcium by evaporating the water with ammonium-carbonate 
solution and extracting the magnesium carbonate The difference between the 
total hardness and that due to calcium is the hardness produced by magnesium. 
The operation is conducted as follows • One hundred o.c. of water are evaporated 
with 10 c c. of a 2 per cent, solution of ammonium carbonate. The residue is 
mixed with 15 c.c. of the same solution and warmed for two minutes. The 
hquid IS filtered by decantation and the residue extracted twice with 10 c.c. of 
the reagent. The basin is rinsed four times with 90 per cent, alcohol, and the 
filter IS washed with the same spirit till it is free from alkali, using methyl red 
as indicator. The residual calcium carbonate is then dissolved in excess of 
decinormal acid and titrated back after boihng off carbon dioxide 

Testing Softened Water. — ^Anderson (loc. cti ) gives the following method 
for checking softened waters: It is necessary to determine (1) total hardness 
by the soap test, (2) alkalinity to phenolphthalein, and (3) total alkalinity to 
methyl orange. The figures thus obtamed are interpreted as follows' • The 
phenolphthalein figure is multiplied by 2, and the total alkahnity subtracted 
from the result. If there is a positive remainder, caustic alkalinity is present, 
and the remainder is caustic alkalinity in degrees If there is no remainder, 
only carbonate alkalinity is present, whilst if the remainder is negative, the 
interpretation is that bicarbonate alkalinity is present to an amount, in degrees, 
numerically equal to the remainder. 

If the amount of soda added m the softener has been correct, the hardness 
and the total alkaliiuty will be the same , if the soda is in excess, the total 
alkalimty exceeds the Wdness, and if deficient, the hardness exceeds the total 
alkalinity. 

If the quantity of lime added has been correct, the phenolphthalein figure 
wiU slightly exceed one-half the total alkahnity, t e. a shght amount of caustic 
IB present If lime is deficient, the phenolphthalein figure is less than one-half 
the total, or bicarbonate is still present, and if excess of hme has been used, the 
phenolphthalein figure will decidedly exceed one-half the total 

Any errors of treatment disclosed by these tests are also presented in a 
quantitative form, so that the exact alteration necessary can be calculated. 
These points are illustrated by the following examples. The original water 
contained about fifty-four degrees of hardness, and was highly magnesian The 
two softened samples are both slightly above the minimum point, but the 
explanation in the two cases is different. 



No 1 

No. 2 

Hardness 

. 8 0° 

81° 

Phenolphthalein alkahnity . 

. 2 6° 

3 9° 

Total alkalmity 

. 00° 

6 0° 


In No I lime is deficient, 4° as bicarbonate being still present, doubtless 
mainly magnesium bicarbonate. Hence 4'Ox 1’24=5 per cent additional lime 
water is required No. 2 is 2° deficient in soda The caustic indication is 1'8°, 
hence the lime is correct, as the water is magnesian, and 2'0x0'15=0'3 lb. of 
soda ash per 1000 gallons additional is required 

An example of a good softened water is — hardness, 4'0“ ; alkalimty (phenol- 
phthalein), 3'0° ; total alkalinity, 4'0°. The volume of N/10 acid, using 100 c.c. 
of water multiplied by 3'5, gives the alkalinity. Caustic alkahnity, 2'0“. The 
average of thirty consecutive tests taken five times daily for six days gave — 
hardness, 4'8'’ ; alkalimty (phenolphthalein), 4-4° ; total alkalinity, 5'9‘’. 

15 
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These indicate, on the whole, a trifling excess (I'l”) of soda ash, and caustic, 
2-9°, also rather on the high side, but hardly so much as to call for any alteration. 

The Determinatioti of Iron. — ^Iron may be estimated by concentrating 
500 c c. of the water acidified with hydrochloric acid to about 25 c c. This 
residue is washed into a graduated cylinder and made up to a definite volume, 
e.g. 50 c.c with distilled water. One c.c. of a dilute freshly prepared (1 to 2 
per cent ) solution of potassium ferrocyanide is then add^. A blue colour 
due to the formation of prussian blue is produced, the depth of which is pro- 
portional to the amount of iron in the water. This colour is now matched with 
a standard solution of iron. About 25 c.c. of distilled water, 1 c.c. of hydro- 
chlonc acid, and 1 c.c. of potassium-ferrocyanide solution are placed in a second 
similar cylinder A solution containing 0-001 gramme of iron per c.c. is then 
carefully added with stirring till the colour is the same in both cylinders. The 
volume of the standard iron solution used gives the quantity of iron in the first 
solution, «c in the 500 cc of the original water. A standard iron solution 
may be prepared by dissolving 1 gramme of pure iron 
wire in hydrochloric acid and evaporating to dryness 
with a little nitric acid to oxidise the ferrous chloride 
The residue is dissolved in dilute hydrochloric acid and 
made up to 1 litre. Or 7 grammes of ferrous ammonium 
sulphate may be dissolved in water and oxidised with 
nitnc acid 

Dissolved oxygen in water can be estimated by 
Winkler’s process. A stoppered bottle of known capacity 
IS filled to the stopper with water. By means of a 
pipette, 1 c c of a cold saturated solution of manganese 
chloride is introduced at the bottom of the bottle, followed 
in the same manner by 3 c.c. of 33 per cent, sodium- 
hydrate solution containing 10 per cent, of potassium 
iodide. At first manganous oxide, MnO, is precipitated. 
In the presence of dissolved oxygen this is rapidly oxi- 
dised. The stopper is replaced and the contents of the 
bottle mixed to complete the reaction Sufficient hydro- 
chloric acid (about 5 c.c.) is then introduced, when iodine 
eqmvalent to the dissolved oxygen is liberated. The 
contents of the bottle are now poured into a flask and the iodine is titrated 
with centinormal thiosulphate solution, using starch solution as indicator, at 
ordinary pressure and temperature. Each cubic centimetre of centinormal 
thiosulphate corresponds to O-OOOOS gramme of dissolved oxygen. Water, 
when saturated, contains 1 part per 100,000 of dissolved oxygen. 

There is some difficulty in the manipulation of Winkler’s process when using 
an ordinary stoppered bottle. This may be overcome by means of a flask 
devised by J. N. ^end (Analyst, 1925, p. 248), illustrated in fig. 79. 

Using the apparatus as shown in sketch, it is possible to overcome entirely 
the two main difficulties of such determination, t.e. those of (a) closing the 
apparatus after filling with water, and (b) opening the apparatus and adding 
the necessary acid to stop further oxidation without admitting some air. Using 
Winkler’s method, the flask is filled to the 250 c.c. mark with water and approxi- 
mately 1 C.C. of solution added, containing 33 grammes NaOH and 10 grammes 
KI per 100 c.c. About 2 o.c. of stdutaon .containing 4 grammes MnCl|.4H(0 
per 100 c.o. are now added, sufficient to ruse the level above the lower end of 
the stopper and to fill the capillary tube when the latter is pushed home. On 
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closing the tap the apparatus is sealed to the entire exclusion of air. After the 
reaction has taken place, some 5 c.c. concentrated HCl are added to the funnel, 
the tap opened and stopper withdrawn slowly The acid passes down the 
capillary and stops further reaction in the flask before air can gain access. A 
rubber stopper may now be inserted, and, after shaking and standing for five 
minutes, the liberated iodine is estimated m the usual manner. 

Determinatioa of Free Carbon Dioxide. — Fettenkofer’s method gives 
both free carbon dioxide and loosely combined carbon dioxide as bicarbonates. 
The free carbon dioxide may be titrated with sodium carbonate and phenol- 
phthalein, since sodium bicarbonate is acid to this indicator while the normal 
carbonate is alkaline. In Pettenkofer’s method a known volume of water is 
placed in a stoppered flask, together with a little strong barium-chlonde solution 
and some ammonium chloride. The contents of the £iBk are then made up to 
a definite volume with standard baryta water, the stopper inserted and the 
flask shaken. When the precipitate of banum carbonate has settled down, a 
portion of the clear liquid is withdrawn with a pipette and titrated with deci- 
normal acid The amount of barium hydrate required to combine with the 
carbon dioxide is thus found in terms of decinormal acid, each cubic centimetre 
of which is equivalent to 0-0022 gramme. According to Tillmans and Heublein 
(J S.C.1 , 1917, p. 938), the precipitated banum carbonate occludes or absorbs 
banum hydrate, thus rendering the titration inaccurate. The presence of salts 
of magnesium also affects the accuracy of the process. They recommend the 
following method of titration . — 

One c.c. of 0-0375 per cent, phenolphthalein solution is added to 200 c.c. of 
water contained in a stoppered flask. This is titrated with N/20 sodium-car- 
bonate solution till a pink colour is obtained, which persists for five minutes, 
If, at the end of the titration, more than 440 mgm. of carbon dioxide in the form 
of bicarbonates is present, the sample must be diluted with carbon-dioxide free- 
distilled water and titrated again. This is because the reaction of sodium 
bicarbonate towards phenolphthalein depends upon the relative concentration 
of the two bodies. It is acid to small quantities of the indicator and alkaline 
to large quantities. The quantity of the indicator present should be propor- 
tional to the amount of sodium bicarbonate. Cxensny {J.S C 1919, 476a) 
adopts the following method of titration to overcome this difficulty: One 
hundred c.c, of the water are titrated with a solution containing 2-6525 grammes 
of sodium carbonate and 2-5 grammes of phenolphthalein per litre t3l a per- 
manent pink colour is produced. From the volume used 0-52 c.c. is deducted. 
The remainder multiplied by 1-22 gives the free carbon dioxide in milligrammes 
per 100 c.c. of water. 

Suspended Matter. — ^After mixing the water thoroughly, 500 c.c. are poured 
off rapidly before the suspended matter settles and passed through a weighed 
Gooch filter. The residue on the Gooch is dried at 1CK)° C. and weighed. Good 
waters do not often contain suspended matter, though it is frequently present 
in streams and surface waters. 

If a platinum or silica Gooch has been used, it may be ignited to bum off 
the organic letter and reweighed. The suspend^ matter is ’thus separated into 
oiganic and inorganic constituents The latter may be dissolved and examined. 
The approximate nature of the orgamc matter is ascertained by a microscopic 
examination of some of the freshly collected suspended matter. 

Total Dissolved Solids. — ^Prom 50 to 250 c.c. of the filtered water are 
evaporated to dryness on the water-bath in a wmghed didi. The residue is dried 
at about 106° to 110^ C. and weighed. 



228 


BLEAOHIITO AND FINISHING OF COTTON. 


Chlorine as Chlorides. — One hundred c c. of water are placed in a porcelain 
dish. A drop or two of potassium chromate solution are added and decinormal 
silver nitrate is run m from a burette with stirring till a faint red colour is ob- 
tained Each cubic centimetre of silver nitrate used corresponds to 0-00355 
grammes of chlorine. An organically pure water should not contain more than 
2 parts of chlorine per 100,000. Larger quantities may be permitted if their 
presence can be explained satisfactorily The chlonne content of a water is 
remarkably constant. Any sudden rise would be suspicious and its cause demand 
careful investigation. 

Nitrogen as Nitrate. — Many methods are used for this determination. 
That depending upon the use of xiheuoldisulphonic acid is the simplest, and is 
quite satisfactory for most purposes A solution of phenoldisulphonic acid is 
prepared as follows : — 

Eighty c c. of phenol are mixed with 200 c.c. of concentrated sulphuric acid 
and heated on the water-bath for eight hours. After cooling, 140 c.c. of strong 
hydrochloric acid are added. 

A standard solution of potassium nitrate is also required. If 0-7423 gramme 
be dissolved in a litre of water, each cubic centimetre will contain 0-001 gramme 
of nitrogen. The estimation is carried out in the following manner — 

From 10 to 50 c.c of the water, depending upon the quantity of nitrate 
present, are mixed, with constant stirring, with 1-5 c.c. of strong sulphuric acid 
and then with 2 c c. of phenoldisulphomc acid. The mixture is concentrated 
on the water-bath to about 10 c c. at a temperature not exceeding 70° C. This 
residue, containmg the nitrogen as picric acid, is washed into a graduated cylinder 
or flask, rendered alkaline with ammonia or potassium hydroxide, and made up 
to 100 c.c. At the same time a measured quantity, say 10 c.c of the standard 
nitrate solution, is treated in exactly the same manner. The solution having 
the deeper yellow tint is then dilut^ till its colour is the same as that of the 
other From the dilution necessary the quantity of nitrate present can be 
calculated. Much trouble is saved by using a set of yellow glasses and a Loviboud 
or other form of tintometer. The glasses are standardised once for all against 
the standard mtrate solution. Pure waters contain very little nitrogen as 
mtrate. In the case of surface waters the amount may be as high as 0-5 parts 
per 100,000. Waters collected from polluted subsoil may contain large quantities, 
reaching sometimes from 3 to 5 parts per 100,000. Such large amounts as this 
are objectionable in a water either for steam raising or bleaching. 

Determination of Organic Matter. — The organic punty of a water may 
be judged by determining (1 ) the sahne and protein ammoma, and (2) the amount 
of oxygen which it can absorb and the rate of absorption. For most purposes 
the estimation of free or saline and protein ammonia is sufficient. 

The following solutions are required — 

1. A standard solution of ammomum chlonde containing 3-147 grammes 
per litre. This is diluted for use to 1 in 10. Each cubic centimetre of the diluted 
solution contains 0-0001 gramme of ammonia. 

2. NessUr Solution . — This is mercury potassium iodide, Hglg2KI, dissolved 
in caustic potash In presence of traces of ammonia it gives a brown colour, 
the depth of which is proportional to the amount of ammonia present With 
large quantities of ammonia a brown precipitate is produced. The solution is 
made as follows . — 

Dissolve 35 grammes of potassium iodide in 100 c.c. of distilled water and 
add to it a cold solution containing 16 grammes of mercunc chlonde in about 
300 c.c. of distilled water. A slight permanent precipitate will be produced. 
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The mixture is then made up to 1000 c.o. hv the addition of a 20 per cent solution 
of sodium hydroxide. 

This solution should be prepared some days before use, as, when freshly 
prepared, it is not always sensitive. Its sensitiveness should be carefully tested 
from time to time. It may be conveniently stored in a bottle fitted with a 
rubber bung through which passes a 2 c c. pipette, as shown in fig. 80. The 
required quantity can in this way always be obtained without any danger of 
sucking the solution into the mouth or disturbing the sediment, which a layer 
of broken glass will also help to keep down. The sensitiveness of Nessler’s 
solution increases with keeping, and, when used, three minutes should be allowed 
for the development of the full tint. 

Alkcdme Permanganate Solution — ^Powder finely 8 grammes of potassium 
])ermanganate and add it httle by little, with constant stirimg, to about 200 o.c. 
of boiling water in a beaker, place on a sand-bath, and 
boil gently for a few minutes to ensure complete solution. 

In a separate vessel dissolve 120 grammes of sodium 
h)'dr(ite in water, mix the two solutions together, and 
make up to about 1200 c c. to allow for subsequent con- 
centration. Place the solution in a large retort or distilling 
flask connected with a condenser and distil until 50 c c 
of the distillate no longer give any colour on standing for 
three minutes with 2 c o. of the Nessler solution. Then 
coo], and pour into a stoppered bottle. 

Ammonia-free BtstiOM Water. — The water used for 
dilution should, of course, be ammonia free, and even 
laboratory distilled water rarely fulfils this condition 
unless freshly distilled. If 50 c.c. of it, after standing 
for three minutes in a covered vessel with Nessler’s solu- 
tion, give no coloration it may be safely used; if not, 
some must be distilled with a pinch of ignited sodium 
carbonate, rejecting the distillate so long as it affects 
Nessler’s reagent and then storing in a carefully stoppered 
buttle. 

Determination of Free Saline Ammonia — Five hundred 
c.c. of water are placed in a distilhng flask of about Fio. 80 

1^ litres capacity, connected with a suitable form of 
condenser and boiled until the distillate no longer gives any coloration with 
Nessler’s solution. Unless the apparatus is in constant use this preliminary 
cleansing must never be omitted. A very useful form of condenser, both efficient 
and economical in space, is the “ Cnbb,” as shown in fig. 81. Having freed the 
apparatus from ammonia the water is poured away and 500 c c of the sample 
under examination introduced, together with a pinch of ignited sodium carbonate. 
One hundred c.c. are distilled ofi, well mixed, and 50 c.c. poured into a glass 
cylinder of about 100 c.c. capacity, 2 c c. of Nessler solution are then added, and 
the colour at the end of three minutes observed. 

Into a second Nessler cylinder a small quantity (say 5 c.c.) of the diluted 
standard ammonia solution is run in from a burette, made up to 50 o.c. with 
ammunia-free distilled water, and 2 c.c of Nessler solution added. After allowing 
three minutes for the colour to develop, the two cylinders are placed side by side 
upon a white porcelain tile and the colours compared by looking vertically down 
through the liquid. If the two tints are identical, the quantities of ammonia 
ui the two cylinders are the same, t.e. equal to 0’00005, and this multiplied by 2 
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gives the amount present in the original 500 c.c. of water. If the colours of 
the two solutions are not identical, fresh. trials must be made with varying 
quantities of the ammonium-chloride solution until the colour is matched. It 
will not do to add more ammomum chloride after the Nessler solution, but the 
experiment must be begun anew each time. While Kesslerising the first distillate 
a further 50 c c. are distilled off and tested in the same way. It will generally 
be quite free from ammonia, but if any be found the distillation must be con- 
tinued till the distillate is free, the quantities being added to that obtained in the 
first experiment. 

Protein Ammotm . — Fifty c.c. of t^ie alkaline permanganate solution are now 

added to the contents of the flask, 
the distillation continued, and the 
ammonia estimated in exactly the 
same way as descnbed above. It is 
well to mix thoroughly the per- 
manganate by a rotary movement 
of the flask before commencing the 
distillation, or bumping will often 
ensue. 

Much time may be saved by using 
Lovibond’s tintometer instead of 
matching the colour with ammonium- 
chloride solution. 

The Nesslerised solution to be 
tested is placed in a half-inch cell 
and its colour matched with a series 
of glasses corresponding to defimte 
quantities of ammoma. 

The determination of ammoma is 
an important one, since excess of this 
constituent practically always indi- 
cates sewage pollution, especially if 
accompanied by chlorides andnitrates. 
Polluted water will generally contain 
putrefying orgamsms whose intro- 
duction is always undesirable. In 
Fia. 81 general terms any water that con- 

tains more than 0-025 part of either 
free or proteid ammonia should be viewed with suspicion. 

Oxygen Absorbed . — This process when taken in conjunction with the free and 
albuminoid ammonia gives valuable data upon which an opinion may be based. 
It ^ves the amount of organic matter in solution in terms of the oxygen required 
to oxidise it. Further, it enables us to distinguish between the readily oxidisable 
first decomposition products and the more complex organic bodies, since the 
former, at ordmary temperatures, are very rapidly oxidised and the latter only 
slowly. In contact with oxidisable matter potassium permanganate readily gives 
up its oxygen, especially if sulphuric acid be present, in accordance with the 
equation 

K,MnjO,-f3H^O*=Kj8O4-f2MnS0i-f3H8O-l-50. 

The completeness of the oxidation of the organic matter varies with the 
temperature, the process only approaching quantitative exactness at 100° C. 
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It is therefore very necessary that standard directions should be followed or 
comparable results will not be obtained. 

The particnlar temperature generally adopted is 80° F., in accordance with 
the recommendations of the Society of Public Analysts. The following 
solutions are necessary : — 

1. Potassium permanganate, of which 1 c.c. contains 0*0001 gramme of 
available oxygen made by dissolving 0*396 gramme of pure potassium 
permanganate in a litre of distilled water. 

2. Sodium thiosulphate, containing 1 gramme per litre of Na 2 S) 03 . 

3. Potassium-iodide solution of 10 per cent, strength. 

4. Dilute sulphuric acid (1 : 3). 

5. Starch solution made by making 2 grammes soluble starch into a thin 
cream with water and pouring, with stirring, into 100 c.c. of boiling distilled 
water. 

The determination is carried out as follows : — 

Oxygen Absotbed in Fifteen Minvtes . — One hundred c c. of the water are 
placed m a stoppered bottle oi about 250 c.c. capacity and 100 c c. of distilled 
water m a second exactly similar bottle. Ten c c. of potassium-permanganate 
solution and 10 c.c. of dilute acid, both at a temperature of 80° F., are now 
measured into the two bottles, which are then placed in a water-bath maintained 
at a temperature of 80° F. and allowed to stand for fifteen minutes. If during 
this time the colour fades, a further 10 c c. of permanganate is added to each 
bottle. At the end of the fifteen minutes the bottles are well cooled and about 
10 c.c. of potassium-iodide solution are added to each bottle, when the unused 
permanganate will liberate its equivalent of iodine, as shown by the equation 

2KMnO4-i-8H,SO4-|-10KI=6KjSO4-|-2MnSO*-f8H,O-t-6l2. 

The iodine dissolves in the excess of potassium iodide, forming a brown 
or yellow solution. The standard sodium-thiosulphate solution is now run 
in &om a burette, the stopper being carefully replaced and the bottle shaken 
after each addition until the colour has nearly disappeared. A few drops of 
starch solution are then added and the titration continued until the blue colour 
IS just destroyed. From the difierence between the number of cubic centimetres 
of thiosulphate used by the distilled water and materials and by the sample, the 
amount of decomposed permanganate or absorbed oxygen can be calculated. 

If s; be the number of cubic centimetres of thiosulphate required by the 
blank experiment, i.e. by 10 c.c. of permanganate and acid, then x c.c. of thio- 
sulphate are eqmvalent to 0*001 gramme oxygen, and 1 c.c. of thiosulphate is 
equivalent to 0*001 /x gramme of oxygen. Now if y be the volume of thiosulphate 
used for the sample, then (x—y)x 0*001 /x is the quantity of oxygen absorbed by 
the volume of the water taken in the experiment. 

Oxygen Absorbed in Four Hours . — ^This is determined exactly as described 
above, only the bottle is allowed to stand in the water-bath for four hours instead 
of fifteen minutes. It must be looked at from time to time and more perman- 
ganate added if the colour has faded. The above method may be much simphfied 
without any loss of accuracy by titrating the permanganate directly with a 
standard solution of ammonium ferrous sulphate made by dissolving 4*90 grammes 
of the salt in 975 c.c. of water and adding 25 c.c. of sulphuric acid, making up 
to a litre when cold. 

The solution should be kept in the dark and freshly made every three months. 
After the bottle containing the water and permanganate is taken from the bath 
the permanganate is titrated directly by adding the ammonium ferrous sulphate 
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from a burette till the colour is just destroyed, or, in a better method, is added 
to each bottle in excess, say 20 o.c., and then titrated back with the permanganate 
solution till the pmk colour is just permanent. The calculation is then carried 
out as follows — 

(o) Blank expenment — 

20 c.c. of ammonium ferrous sulphate added. 
lO'O c.c jiermanganate solution required. 

(6) Sample — 

2U c.c. ammonium ferrous sulphate added. 

10‘5 c.c permanganate used. 

.-. Oxygen consumed=0'5x0 0(X)l gramme. 

A good water should not absorb more than 0-05 oxygen in fifteen minutes 
nor more than O-IO in four hours per 100,000 parts. The following modification 
of the absorbed oxygen test recommended by the Commission on Sewage Disposal 
gives valuable information in the case of polluted nver water. The oxygen 
absorbed is determined as before, and a clean bottle is then completely filled 
with the water, stoppered, and placed m a cool incubator for a week, after which 
the oxygen absorbed is again measured. Badly polluted waters or those not 
properly aerated show an increase m oxygen absorbed after incubation. 

The complete oxidation of the organic matter present in water generally 
requires a longer time than four hours at the temperature selected — 80° F. 
The oxidation can be made much more rapid and complete by raising the temper- 
ature to the boiling-pomt for ten minutes In the presence of much chloride 
the results are too high, owing to the fact that the liberated hydrochloric acid 
decomposes permanganate at a high temperature. 

2 NaCl-fHjS 04 =NajS 0 »+ 2 HCl 

K*MngOg-M6HCl=2KCl-)-2MnCljs-h8HgO-i-5Cl2. 

On this account, if the chlorides are high, an alkaline solution of jierman- 
ganate IS often used. The following method (Pearmain and Moor, Water, p. 72) 
combines both determinations — 

One hundred c.c. of water is placed in two conical flasks and 50 c.c. in two 
others To one of the flasks containing 100 c c. is added 10 c c of sulphuric 
acid (1 4), 5 c.c being also added to one of the flasks contaimng 50 c.c. To 
the other two flasks are added 10 and 5 c c respectively of a saturated solution 
of sodium bicarbonate Ten c.c. of a 0’5 per 1000 solution of permanganate 
IS then added to each flask and the whole are boiled for ten minutes. The flasks 
are then cooled and the alkaline solutions acidified with 20 and 10 c.c. respectively 
of sulphuric acid 1 ; 2 solution. Ten c.c. of ammonium ferrous sulphate con- 
taining 10 grammes of sulphuric acid and 10 grammes of the salt per* htre are 
introduced and the solution titrated with the permanganate until a faint pink 
colour IS produced. The difference between the results of the 100 c c and 50 c.c. 
in each case gives the figure for the permanganate required for the oxidation 
of the orgamc matter m acid and alkaline solution respectively. The perman- 
ganate solution 18 titrated with pure crystallised oxalic acid. 

There is much to be said for the double determmation, since organic bodies 
often behave quite differently with acid and alkaline permanganate solutions. 
It must always be remembered that “ absorbed oxygen ” results cannot be 
compared with one another unless the methods used are identical in aU resjiects 
In stating results the method used should be specified, and that selected should, 
if possible, be the one in general use. 
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Ultimate Analysis of the Dissolved Solids.— From half a litre to a 
litre of water, according to the quantity of total solids present, is acidified with 
HOI and evaporated to dryness in a large platinum dish on the water-bath It 
is then moistened with dilute hydrochloric acid and again thoroughly dried to 
decompose the last traces of sihcic acid. Upon extraction with dilute hydro- 
chloric acid the silica remains insoluble and is carefully filtered ofi, washed, 
and dried. When dry the filter is folded and placed in a weighed platmum dish 
and ignited, the precipitate being far too small to detach. Deducting the weight 
of the filter ash we obtain directly the weight of the silica 

Iron and Alumina . — The filtrate is rendered alkaline with ammonia and 
plao^ upon the water-bath for some time to complete the precipitation of the 
ferric hydrate and alumina. The precipitate is then filtered off, washed, dried, 
and weighed in the same manner as the sihca. The amount is generally so small 
that a separation is unnecessary. 

The iron is best determined on a fresh portion of water by evaporating to 
dryness with a little nitric acid, extractmg the solids well with water and ading 
to the solution, in a Nessler cyhnder, a few drops of potassium-ferrocyanide 
solution, when a blue solution will be produced proportional in depth to the 
quantity of iron present A standard solution of iron is made up so that each 
cubic centimetre is equivalent to O-OOl gramme of feme oxide. This is made 
by weighing the necessary quantity of pure iron oxide, dissolving it in aqua regia, 
evaporating to dryness to expel chlorine, and finally making up to a litre with 
dilute acid A known volume of this solution is run from a burette into a 
Nessler cylinder, water added until the volume is the same as that in the first, 
and a few drops of potassium-ferrocyamde solution as before. The columns 
are then compared by standing the cyhnder on a white tile and looking vertically 
down through the liquids. If they arc of the same tint the two liquids contain 
equal quantities of iron, and hence that in the first is equal to the amount con- 
tained in the volume of iron solution placed in the second If the tints are not 
identical, further expenments must be made with varying quantities of iron 
solution until the required volume is found 

Lime . — The filtrate from the iron and alumina precipitate is concentrated 
by gently boiling in a beaker on a sand-bath until it occupies about 100 c.c. A 
little more ammonia is now added, and about 2 grammes of finely powdered 
ammonium oxalate is gradually stirred in, the beaker being removed from the 
sand-bath for this purpose. It is then replaced on the sand-bath and allowed 
to boil gently for a minute, after which it is removed and the precipitate allowed 
to settle. After about half an hour the clear liquid is carefully decanted on 
to a hard filter-paper, as much of the precipitate as possible being left in the 
beaker. About 25 c.c. of hot distilled water are now poured into the beaker 
and the precipitate well stirred, and when it has settled the liquid decanted as 
before on to the filter. This is continued until the washings no longer give 
any turbidity with silver nitrate acidified with nitric acid. The precipitate is 
now washed on to the filter-paper with a stream of hot distilled water and 
dried in the water-oven. When dry, the filter-paper and precipitate are care- 
fully incinerated in a weighed platinum crucible. There are tluee methods of 
treating the precipitate . 

1. As Calcium Carbonate . — When the weight of the precipitate exceeds half 
a gramme this will be the best method to employ. The crucible is ignited at 
a dull red heat till the oxalate has been converted into carbonate. As in all 
probability some of the carbonate will have been over-ignited and thereby 
changed to lime, a httle finely powdered carbonate of ammonium is now added 



234 


BLHAOHINO AND NINISHINO OV COTTON. 


to the crucible and gentle heat applied till the excess is completely driven off. 
The crucible is then cooled and weighed, and the treatment with ammonium 
carbonate repeated till the weight is constant. 

2. As Lime — When the weight of the precipitate is small, igmtion to the 
oxide is the better method. The crucible is heated as strongly as possible with 
a blowpipe flame for about ten minutes, cooled in a desiccator and weighed. 
It is then heated again for a further ten minutes and weighed, the process being 
continued until there is no further loss in weight. 

3. Estimation of Lime by Means of Standard Permanganate.—When the 
precipitated oxalate has been transferred to the filter-paper in the manner 
described above, it may be more rapidly estimated by decomposing it with 
sulphuric acid and titrating the liberated oxalic acid with potassium permanganate. 
The equation is 

5Hs,Cj,O4-l-K5,MnjsOg-|-3H,SO4=K*SO4-l-2Mn8O«-l-8H*O+10CO». 

If this method be adopted the filter-paper is perforated by means of a glass rod 
drawn out to a fine point and the whole of the precipitate washed through into 
a beaker with a stream of hot distilled water. A few cubic centimetres of dilute 
sulphuriG acid are next added to liberate the oxahc acid. The temperature of 
the solution is now raised to about 60° C., and standard permanganate solution 
IS run in from a burette until a permanent pink colour is obtained. Each cubic 
centimetre of permanganate solution being equivalent to 0-045 gramme of oxalic 
acid, the quantity of calcium or hme present in the beaker can be calculated. 

Magnesium — The filtrate from the calcium oxalate precipitate is evaporated to 
dryness in a platinum dish on a water-bath, the last traces of water being expelled 
by carefully heating in an air-bath at a temperature of about 120° C The dish 
is now covered with a clock glass to prevent loss by spirting, and is gently heated 
over a flame until all the ammonium salts have been expelled. The residue is 
dissolved in dilute hydrochloric acid, and, if necessary, filtered. To the clear 
solution a moderate excess of ammonia~and sodium phosphate is added, the 
ammonia being necessary since the precipitated phosphate is slightly soluble in 
water but not in ammonia solution. The liquid is stirred bnskly with a glass 
rod, taking care not to rub the sides of the beaker, covered with a clock glass and 
allowed to stand overnight. This delay may be dispensed with if the precipitation 
be carried out in a stoppered bottle and the mixture thoroughly shaken fore,bout 
a quarter of an hour. When the precipitation is complete, the clear liquid is 
decanted through a filter-paper and the precipitate washed by decantation with 
1 3 ammonia water. The washing is continued until the filtrate, when acidified 
with nitric acid, gives no precipitate with silver mtrate. The precipitate is now 
transferred to a filter and dned. When dry, it is detached as completely as 
possible from the filter and transferred to a weighed platinum crucible, the paper 
being separately burnt and added thereto. 

The crucible is now ignited for about twenty minutes to convert the magnesium- 
ammoniifm phosphate (NHgMgPOg, 6HgO) into pyrophosphate (MggFgO;), the 
weight of -jehich multiphed by 0-3604 gives the quantity of magnesia (MgO) in 
the precipitate. The total volume of the washings is measured and 1 mgm. 
added to the ..weight of the precipitate for each 50 c.c. This is necessary, since 
the magnesiuii\ phosphate is slightly soluble in the ammonia water used. 

Alkalu. — A'Jitre of water is concentrated to about 100 c.c. The sulphates 
are then precipitated by means of barium-chloride solution and filtered off. 
The filtrate is boiled with milk of lime to precipitate iron and magnesium. These 
are filtered off, and\the barium and calcium m the filtrate are now removed by 
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the addition of ammonia, ammonium carbonate, and a little ammonium oxalate. 
Having ensured the complete precipitation of these metals, filter, make faintly 
acid with HCl, and evaporate the filtrate to dryness in a weighed platinum dish. 
Now gently ignite it until all the ammonium salts are expelled, then weigh the 
residue, which will consist of the chloride of sodium and potassium, removing 
the last traces of water and free acid by gentle ignition. 

If it be necessary to estimate the sodium and potassium separately, dissolve 
the residue in a httle distilled water and evaporate to dryness again on the 
water-bath and then gently ignite to expel the last traces of acid. Now take 
up again with distilled waW, and by means of standard silver-nitrate solution 
find the weight of chlorine contained in the mixed chlondes. From these data 
the alkalis may be calculated. The followmg example from Whiteley’s Chemical 
Calcidattona will make the method plain : — 

The mixed chlorides weighed 1*449 grammes and the chlorine content found 
by titration was 0*7739. If the whole of the chlorine found had been present 
as KOI, there would have been 1*6241 grammes of chloride. The difierence 
between this weight and the weight actually found is 0*1751 grammes. Now 


The difierence between the deficiency 
the molecular weights : in weight 

of KC and NaCl found 


the molecular 
weight of 


NaCl 




where x=the NaCl present in the mixed chlondes. 

.*. 16 . 0*1751 : : 58*5 *, 

te. 

*=0*6402 

=weight of NaCl in the mixed chlorides. 

The potash may also be determined by converting the residue into the double 
chloride, FtCl 42 KCl The residue is dissolved in a few cubic centimetres of water 
and excess of platinum chloride is added. The solution is evaporated on the 
water-bath till nearly dry, and alcohol is then added to dissolve out the excess 
of platinum chloride and the sodium compound. The insoluble potassium salt 
may be readily washed with alcohol by decantation till the washings are quite 
colourless, after which it is washed into a weighed dish or filter-paper, dried and 
weighed After weighing, the precipitate is ignited and the residue of metallic 
platinum weighed, and from these data the weight of the potash present can be 
calculated. The sodium is obtained by difierence. 

Sulphates — Two hundred c c of the water are filtered and acidified with 
dilute hydrochloric acid and brought to the boil in a beaker Sufiicient barium 
chloride is added to precipitate the sulphates and the contents of the beaker 
boiled gently for about five minutes on a sand-bath in order to render the fine 
precipitate easier to filter. The precipitated barium sulphate is allowed to 
settle and the clear supernatant liquid carefully decanted on to a hard filter- 
paper. The precipitate is washed as completely as possible by decantation with 
distilled water and is finally transferred to the filter with a fine jet of hot water. 
It is then dried and ignited and weighed in the usual way. The weight of the 
precipitate multiplied by 0*3433 gives the quantity of SOg present. 

Carbon Ihoxi ^. — The quantity of combined carbon dioxide as COg may be 
calculated from the temporary hardness, as determined by H^hner’s method 
from the equation 


MCOg-fHgS 04 =MS 04 -j-Hg 0 -|-C 0 g. 
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Thus 44 parts of COg are equal to 98 of sulphuric acid, or to 100 parts of 
temporarj hardness expressed as calcium carbonate, hence every part of tem- 
porary hardness found will correspond to 0-44 part of COg 

Stetement of Results. — We have now arrived at a knowledge of the quan- 
tities of the various inorganic constituents of the water, but as yet we know 
nothing as to the actual form of the combination of the acids and bases These 
may, however, be calculated from the data at our disposal if we remember the 
relative affimties of the acids and bases with which we are dealing. 

The method adopted is best explained by a concrete example. 

A water gave the following result upon analysis : — 

ChlDrinc 
Calcium 
Magnesium 
Sodium 

Sulphunc aiid (KO 4 ) 

Carbomc acid (CO,) 



First we assume that sodium will be in combination with chlorine. Now 

35'5 X 2 

2 parts of sodium will combine with — — , le 3 08 parts of chlorine, giving 

rise to 5-08 parts of sodium chloride Tliere are 5-25— 3-08, i c 2'17 parts of 
chlorine left over, and these will next combine with magnesium Now 2 17 parts 

24x2*17 

of chlorine will combine with — — — , » e. 0 74 of magnesium, giving 2*91 parts 
of magnesium chlonde. 

Wo next take the sulphuric acid, which will combme with the calcium, and 
any excess that remains with magnesium Now 9 30 iiarts of SO, will combine 
40 X 9*30 

with — — , 4 c 3 87 jiarts of calcium, giving 13*17 parts of calcium sulphate 

We have left 21*3 parts of calcium which will be in combination with carbonic 
21 *3 X 60 

acid, and wiU require — — , t e 31*95 parts, giving 53*25 parts of calcium 


carbonate There are now left 2 41 parts of magnesium and 6*00 jiarts of carbonic 
acid (COg) which wdl combine, giving 8*4 parts of magnesium carbonate. Thus 
we now have the following results — 


Sudiuni chlondc 

.5U8 

Magnoaium chlonde 

. 2 91 

Calcium aulphate 

13 17 

Cak luin caibunate . 

63 26 

Magnesium carbonate . 

8*40 



CHAPTER XIIL 


THE PHYSICAL AND CHEMICAL PROPERTIES OF COTTON 
YARNS AND FABRICS. 

Bleaching ia accompanied by a loss of weight, owing to the removal of im- 
puriiics It altera alao the phyaical constants, such as length, tensile strength, 
and, in the case of yarns, count and twiat Careless bleaching may change the 
chcTincal nature of the cotton or fail to remove the impurities Claims for short 
weight, loss of length, or other faults are not uncommon, and a knowledge of the 
methods used in determining the constants is essential for every bleacher The 
more important of these are (1) moisture, (2) count, (3) tensile strength and 
elasticity, (4) twist of yams 

The Determination of Moisture. — Ignorance of the percentage of water 
present m yarn or other goods received for bleaching, and in the same goods 
when finished, often leads to mistaken claims for short weight, as will be shown 
later The water content of textile matemls and its determination is therefore 
0 matter of much importance The amount of moisture present m a textile 
fibre 18 not a fixed quantity even for the same fibre. It vanes from day to day 
and even from hour to hour The weight of the fibre at any particular time 
depends upon a number of factors, viz — 

1 The nature of the fibre 

2. The length of time it has been exposed to the sir. 

3 The temperature of the air. 

4 The pressure of the air 

5 The quantity of moisture present in the air. 

Of these the first, namely, the nature of the fibre, is the only constant factor. 
All the others are variable. It is obvious that the water content must be variable 
also Of the variable factors, 3, 4, and 5 are the most im^iortant, since they 
determine what is known as the “ relative humidity ” of the atmosphere. In 
short, the amount of water present in a textile fibre depends chiefly upon (1) 
the nature of the fibre and (2) the humidity of the atmosphere. Thus, if one 
pound of cotton be weighed on a dry day, and again on another when the 
atmosphere is loaded with moisture, it will weigh perhaps one ounce more. As 
the air drys this extra weight will be gradually lost again. When a dry yam 
is exposed to a damp atmosphere it takes up water, increasing in weight till 
an equilibrium is established between it and the air. Similarly a damp yam 
exposed to a dry atmosphere gives up wate to the air, till the point of equihbnum 
is reached. When buying cotton or dehvenng bleached goods by weight it is 
important to know how much water is included. Without this knowledge claims 
for short weight cannot be estabhshed. But since the water present is a variable 
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quantity, it is necessary to have some accepted standard. This, in the case of 
cotton, 18 7‘834 per cent. That is, cotton which is neither dry nor damp contains 
7'834 per cent of water and 92'166 per cent, of cotton When this is the case 
the cotton is said to be at “ condition,” and the process of determimi^ the 
percentage of water present and calculating the weight of cotton present, after 
allowing for the agreed quantity of water, is termed “conditioning” The 
name arises from the practice of exposing cotton after spinning to a damp 
atmosphere in order to allow it to take up moisture and “set.” A yarn 
may be over-conditioned, t.e. contain more water than is natural or neces- 
sary, or it may be under-conditioned, when it contains less than the standard 
allowance. 

The standard allowance has been determined as follows ‘ — 

If clean, dry cotton, protected from dust, be exposed to air and weighed at 
intervals, it is found that, under average atmospheric conditions, it will absorb 
8| per cent, of its weight of water. This figure is termed “ regain ” Itmeansthat 
if 1(K) parts of dry cotton are exposed to air they will absorb 8| parts of water, 
the final weight being 108^. The cotton is then said to be in “ correct condition ” 
It IS not right to say that cotton at correct condition contains 8| per cent, of 

8i X 100 

water. It does not. The actual percentage of water present is , t.c. 7-834. 

Cotton at correct condition, therefore, contains water 7-834, cotton 92-166. In 
order to deterimne the “ condition ” of cotton we find the percentage of dry 
cotton present Then we take 8^ per cent, of this dry weight as the standard 
allowance for water. The sum of these two, termed “ correct condition weight,” 
should be 100. If it be more than 100, the cotton is over-conditioned or damp, 
the excess of water being measured by the difierence between the correct con- 
dition weight and 100 If, on the contrary, the correct condition weight be more 
than 100, then the cotton contained less than the standard allowance of water 
If we buy by weight, and pay upon ascertained correct condition weight, 
we shall always get proper weight of cotton, however much or little water 
may be present 

The regains are not the same for different fibres. The more important 
are — 


Cottfin 

. . 

. 81 

Silk 


11 

Wmil and waste 


. 16 

Worsted and tops 

, 

18i 

Tojis with oil 


19 

Noils 


. 14 

Noils (scoured) . 


16 

Flax 

• 

12 


It must be remembered that the terms “ dry ” and “ damp,” as applied to 
air, are only relative. The dampness of the air, or its relative humidity, depends 
upon the temperature and the actual quantity of water-vapour present. The 
quantity of water which air can take up is limited by the condition that the 
pressure of its vapour, independently of that of the air, cannot exceed a certain 
amount for any given temperature. This maximum pressure is the same as that 
which the water-vapour would exert if no air were present. The actual pressure 
of air saturated with water-vapour is the sum of these two pressures, i.e. pressure 
of the atmosphere and maximum pressure of water-vapour at the atmospheric 
temperature. The maximum pressure exerted by water-vapour at different 
temperatures has been measured and tabulated. But air is not always, 
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in fact rarely, saturated ‘with water-vapour. Life would be very un- 
pleasant if it were. But, if not saturated, the water-vapour does not exert 
its maximum pressure, but only a fraction of it depending upon the percentage 
of saturation 

If we know, or determine by experiment, the pressure exerted by the water- 
vapour actually present, and find from the table (p. 240) the maximum pressure 
for water-vapour at the same temperature, then, since the quantities of water- 
vapour are proportional to these pressures, we have — 


Actual pressure of water- vapour , ^ ^ ■ 

-■j — : 7 — 7 — = fraction of saturation. 

Maximum pressure at same temperature 

or 


where 

and 


V 

~ X 100— percentage saturation or relative humidity, 

p=actual pressure of the water-vapour 

maximum pressure at the same temperature. 


The dampness or dryness of air is determined by its relative humidity, and 
not by the actual amount of water-vapour it contains. If cotton or other textile 
fibre be exposed to air for a sufiicient length of time to allow equihbrium to be 
established, the percentage of water present is determined by the relative 
humidity of the air and the temperature. 

Determination of Relative Humidity.— If air containing water-vapour be 
cooled, at constant atmospheric pressure, both air and water-vapour contract. 
Since the quantity of water-vapour, and its pressure, remain unchanged, a 
temperature will ultimately be reach^ at which the water-vapour will saturate 
the air and exert, therefore, its maximum pressure If the air be cooled below 
this point, some of the water-vapour is condensed as water or dew. The tem- 
peratare at which this occurs is known os the dewpoint, t e. the temperature at 
which the quantity of water- vapour present in any volume of air is just sufficient 
to saturate it. During the experiment, neither the quantity of water-vapour 
nor the pressure have been changed, but only the temperature. The quantity 
of water-vapour present at the dewpoint is proportional to the maximum pressure 
exerted at this temperature. That is, the water-vapour originally present is 
also proportional to the maximum pressure at the dewpoint. If the air had 
been saturated with water-vapour, the original temperature and the dewpoint 
would have been the same. The quantity of water- vapour necessary to saturate 
the air at the ori^nal temperature is proportional to the maximum pressure for 
this particular temperature. These maximum pressures can be obtained from 
the tables. If, therefore, we can determine the dewpoint, we can calculate the 
percentage humidity from the formula 

Maximum pressure at dewpoint i , 

Maximum pressure at temperature of air^ — pereen age umi ity. 

The following table gives the maximum pressure exerted by the water- vapour 
at difEerent temperatures : — 
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Tension of Aqueous Vapour in MtUvrelres of Mercury from 0° to 35° C. 

(cuntinacd). 



The dewpoint may be determined directly by Dines’ hygrometer (fig 82). 
This instrument ronsists of a box df thin copper through which n stream of cold 

water can be jiassed A piece of thm 

blackened glass is used for a portion |[j |ii!{ii1li^ 
of one of the walla, and behind thia WjW 
IH the bulb of a delicate thermometer. Sh m 
Cold water, or ice-cooled water, is run B |i 

slowly through the ~ 

perature of this 
and the glass 

reaches the dew- I'lo 82 —Dines’ hygrometer 

point Directly 

the temperature falls below the dewpoint, a film of 
moisture is deposited from the air upon the outer surface 
of the glass. When this film appears the stream of water 
18 stopped and the temperature noted. The temjierature 
at which the film disappears is then observed. The mean 
of these two temperatures is taken as the dewpoint The 
dewpoint is, however, more commonly determined by 
means of the wet and dry bulb thermometer (fig. 83). 

This consists of two thermometers side by side. The 
bulb of one is covered with muslin, attached to a wick 
which dips into a small reservoir containing water. The 
muslin being wet, the air round the bulb is always 
saturated with moisture. The temperature indicated by 
the wet bulb wall therefore be lower than that of the 
air, as indicated by the other, dry bulb, thermometer. 
The less the relative humidity of the air, the greater 
will be the difierenee between the temperatures mdi- 
sNn flv TO- ♦ j j cated by the wet and dry bulbs. Conversely, the greater 
bulb therm^oMter relative humidity of the air, the more nearly will the 

readings approximate one another, until finally, when the 
air 18 saturated with moisture, both thermometers will indicate the same 
temperature, i.e. the dewpoint. 


16 
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The dewpoint may be calculated ffom the formula 

where 

t =temperature of dry bulb, 
t„ = „ „ wet bulb, 

,, ,, dewpoint , 

/ ia a factor depending upon the temperature of the air, and may be taken from 
the following table — 


/ 

0 

1. 

2 

3 

4 

5. 

0. 

B 

8 

9. 

- IC 

8 70 

8 70 


8 20 

7 82 

7 28 

0 62 

5 77 

4 92 

404 

0" 

Kin 

2 81 


2 39 

231 

2 20 

2 21 

2 17 

2 13 

2 10 

HI' 

2 0« 

2 02 

liSl 

195 

1 92 

1 89 

1 87 

■m 

1 83 

1 81 

20' 

1 7fl 

1 77 


1 74 

1 72 

1 70 

1 09 

■Iilil 

1 07 

1 66 

:w' 

1 05 

1 04 

1 0.1 

102 


1 00 

1 69 


1 57 

1 56 


Having found the dewpoint, we refer to the table of maximum preasure of 
aqueous vapour and find those corresponding to the temperature of the atmo- 

*10 1 (JO 

sphere and the dewpoint. Substituting these in the formula given above, , 

we have the relative or percentage humidity 

The formula given above entails a considerable amount of arithmetic For 
moat purposes it la sufficient to regard the temperature of the wet bulb as the 
dewpoint, and take the maximum pressure at this temperature from the table. 
Thus: 


Maximum pressure at temperature of wet bulb 
Maximum pressure at terajierature of dry bulb 


X 100— percentage humidity. 


Determination of Moisture. — This, as explained above, is generally termed 
“ conditioning ” The process of conditioning is carried out in the following 
manner — 

The net weight of the cotton to be tested is carefully taken Samples are 
then drawn in such a way as fairly to represent the bulk, from one-half to one 
pound being necessary for each test Thus, in a bundle of cotton from three to 
four doles are taken, while in the case of cops or bobbins about two pounds 
are drawn from different parts of the dehvery These samples are divided into 
three lota and carefully weighed to the nearest quarter dram Two are used 
for testing, and the third is reserved m case the duplicate tests do not agree. 
Hank yarn is, of course, weighed directly ; but in the case of cop or bobbin 
yarn the procedure is somewhat different The cops are first weighed. They 
are then wound mto hanks, and the tubes or bobbins, together with any unwound 
or unwindable residue, again weighed. The difference between the two weights 
is the weight of the yam unwound for testing. 

These samples are now dried in a specially designed oven at a temperature 
of 100“ to 105“ C When all the moisture has been expelled, the residual dry 
yarn ia weighed without removal from the oven, and thus the percentage of dry 
yarn in the original weight is ascertained, the weight lost being of course the 
water contained therein. The following are example.8 • — 
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1 Weight of onginal hanks . 
Weight when diy 

,• Loss in water 

t.e Percentage dry weight 
and percentage of water 

2 Weight of cops taken 
Weight of tubes 

Weight of yam 
Weight when dry 
Loss in water 

» e Percentage dry weight — 
and percentage of water 


lb. oz dnns, drms. 
I 1 .4 = 270 

. 0 15 6 == 246 

0 1 14 = 30 

=8913 
=10 87 

1 2 31 

0 1 11 


1 1 2 = 274 

1 0 8 = 264 

0 0 10 = 10 

=90 36 
= 3 05 


274 


XlOO 


248 


Having ascertained the percentage of dry weight, we next take per cent, 
of it and add it for the regain or allowance of moisture, as has alre^y been 
explained Thus in Example 1 we have 89*13 per cent of dry cotton The allow- 
89‘13x 

ance or regain is therefore — — — - or 7*57. The sum of these is 89*13-l-7*57, 

1 * A,/ 

1 c 96 70. This number represents the percentage of true yarn containing the 
correct percentage of moisture or percentage condition weight present m the 
samjtle The difference between this number and 100, viz 3 30, is due to excess 
of moisture over and above the standard allowances 

In Example 2 given above the result is somewhat different Here the per- 

90*35 X 8i 

centage dry weight is 96*35 The regain is — — =, * e 8*19, and the percentage 

condition weight is 96*35-t-8*19, t e 104*54, or greater than 100 This indicates 
that the yarn is drier than necessary and the excess above 100, i e. 4*54 represents 
the excess of yarn, containing the proper amount of water present in the 
sample 

Although the teat is a simple one, difBculties have to be overcome which 
necessitate the employment of special apparatus and conditions of experiment 
The sample to be tested must be sufficiently large fairly to represent the bulk, 
and for this purpose from one to three pounds is generally required In order 
to dry so large a quantity, a specially designed oven is necessary, in which the 
dry cotton can be weighed at the temperature at which it is dried and without 
removal from the oven. It would be impossible to remove and weigh it outside, 
since it would attract moisture from the air so rapidly as to make the results 
practically useless. Finally, a constant temperature must be selected and 
maintained The most suitable temperature is from 100° to 105° C., since 
between these limits all the natural water is driven off without any danger of 
decomposition. If cotton be dried at a lower temperature, it will lose a definite 
amount of water, but will still retain a portion which it only parts with at a 
higher temperature. In fact, a portion of the water seems to be more intimately 
combmed with the fibre than the remainder, just as in inorganic crystalline 
salts a portion of the water of crystallisation is often more firmly combined than 
the rest. 

The drying oven used for conditioning is cylindrical in shape, and consists 
of four circular casings, between which the hot air circulates before passing out 
of the escape pipe, the heat being evenly distnbuted and a uniform temperature 
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seoured. Two of the caeings are removable for cleaning purposes. The standard 
type (fig. 84) is heated by electricity, but may be tdso a^pted to either gas, 

oil, or steam. The oven is 
provided with a movable 
semicircular hd or cover, 
the other half being per* 
manently closed. Eixed to 
this IB a balance weighing 
to half a grain, in such a 
position that one end of the 
beam is exactly over the 
centre of the oven. From 
this end is suspended a 
movable cage or basket of 
copper or zinc wire, in which 
the cotton is placed, and 
which reaches to the centre 
of the oven, the suspend- 
ing rod passing through a 
hole m the hd. A scale pan 
is attached to the other end 
of the beam Near the pillar 
is an aperture through which 
passes a thermometer The 
test IS made as follows : 
The sample is placed in the 
basket, the lid of the oven 
replaced, and the sample 
carefully weighed The gas 
IS then lighted and the tem- 
perature of the oven main- 
tained at 100° to 105° C. till 
the cotton is dry As the 
moisture is expelled weights 
are taken from the scale pan 
until no further loss can be 
observed. The weight now 
left in the pan is that of 
the dry cotton, the weights 
remov^ being the amount 
of water contained in the 
sample tested The per- 
centage dry weight is now 
calculated, and from this, 
as explained, the percentage 
condition weight is obtained. 
If the net weight of cotton 
in the bulk from which the 
sample was drawn be known, 
this, multiplied by the percentage condition weight, will give the weight of true 
cotton, containing the standard amount of water that is present. The following 
examples will illustrate the method : — 
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Examjile 1. 

A bundle of cotton veighcd, when tested, 10 10 lbs. 

13 oza. 2 dniis, were dnod, and, when absolutely dry, weighed 11 ozs. 13 drms. Thus we 
have — 

Weight of cotton before drying, 210 drms. Weight of cotton after drying, 180 drms. 

189 

Therefore 100 parts contam — X 100 of dry cotton, t e. 00 00 

i.e. Percentage diy weight . 00-00 

OOxSi 
100 


Add per cent regain, t e. 

Tho sum of these is the condition weight, i e. percentage 

Therefore loss or excess moisture 


7-6S 
07 66 


Therefore the bundle contained 


10 10X07 OriltH 
100 


of true yam at correct condition, t.e. 


9 95 lbs. 

But it should have contained 10 lbs., hence the shortage is 0 05 lb or 0{ oz 


Example 2. 


Weight of bundle when tested . . 10 17 lbs. 

Weight taken for testing, Sxp 1, 11 ozs. 5i drms. Exp. 2, 11 oza. drms. 
„ whendiy, 10 „ 71 „ 


Hence peroentage dry weight 92 28 
Mean percentage dry weight 
Add regam 8} per cent . 

Percentage condition weight 


92 20 
784 

10010 


10 „ 6i 
02 24 


Condition weight of the bundle— -^ ^*^ —10 18 lbs. ‘ 

lUU 


The process is just the same for fibres other than cotton, but the regain is 
different The following examples illustrate the method for worsted and silk — 


Exajnple 1. 

1 lb of worsted yam weighed, when dry, 13 ozs 8 drms , i e 216 drms 
' 216 

Percentage dry 100 84 38 

n X 84 38X18 25 

Begain 18J ixjr cent r;;;: . 15 40 

lUU 

. Percentage condition weight 90 78 

Example 2. 

300 drms of silk weighed, when dry, 180 drms. 

180 

Percentage dry weight =—x 100 90 00 

w • i 90 00X11 

Begam 11 percent. = — — . . . . 9-90 

.’. Percentage condition weight . . . . 99 90 

In the case of mixed yarns we must, first of all, know or estimate the pro- 
portaon of each fibre present. The regain is then calculated from these pro- 
portions. 
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Example 

A yam contains per 100 parte of dry nrighte : 
regain 


The cotton contributes 
The Bilk „ 

The wool „ 


40x85 
100 ■ 
10X11 
100 

50x18 25 
100 


cotton 40, Bilk 10, wool 60 Find the 

3 400 
1 100 
9126 


The regain is the sum of those, te 13 626 

Count and its Determination. — Yarna are spun bo that there ia always a 
fixed relation between the length obtained from a given weight of fibre. Thus, 
there is definite relation, m all yarns, between weight and length. This relation 
is known as the “ count,” “ size or number ” of the yarn. The count of a yam 
18 determined by measunng, carefully, any given length and weighing it. From 
the results, the relation between the two, i.e. the count, is calculated, e g the 
number of ylards to one pound of the weight of 1000 yards in drama. There 
arc, unfortunately, many systems or different units of measurement. No one 
system is universal even for the same fibre, nor can one be translated readily 
into others Moreover, in some systems the weight is fixed and the length 
variable, while in others the conditions are reversed In the first case, the count 
is measured by the length necessary to make up a given weight, such as the 
number of yards to a pound or ounce In the second, the count is the weight 
of a fixed length, e g. the weight of 1000 yards in drams The existence of so 
many systems is due to the fact that the textile industries were originally local- 
ised, and, owing to the lack of means of intercommunication, trade was restricted 
to narrow limits. Expanding trade and foreign competition makes the adop- 
tion of a simple universal method very desirable The chief difficulty to be 
overcome is the use of the metric system This was recommended by a 
conference of experts in Pans in 1900, and is known as the “ International 
System ” It is based upon a fixed weight and variable length, the unit being 
1 gramme and 1 metre respectively If 1 metre of any yarn weighs 1 gramme, 
it IS said to be No. 1 , if 20 metres. No 20 ; if X metres. No. X. Yarns are 
sometimes folded or doubled, le two or three single threads are twisted to- 
gether, making a yarn two or three times as coarse as the original threads. 
Under the metric system the yarn number or count indicates the final thread, 
however many .strands it contains. Thus, if the yam is composed of three threads, 
and 20 metre.s weigh 1 gramme, the coimt is 20 threefold, or 20/3, whatever the 
counts of the separate threads may be. 

The principal systems of counts will now be described 

Cotton count, for cotton yam and spun silk. A hank of cotton is 840 yards. 
The number of hanks contained in 1 lb. is the count. In the case of folded 
yarns the count indicates the original thread before folding. Thus twofold 
40 or 40/2 means single 40 doubled to make 20 

Worsted Count. — hank of worsted yam is 660 yards. The number of 
hanks to the pound IS the count. 2/40 means single 40 doubled to 20. It should 
be noted that while twofold cotton is written 40/2, in the case of worsted the 
order is reversed, viz 2/40 

Yorkshire Count. — This is based upon a hank of 256 yards, the count being 
the number of hanks to the pound. 
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Linen, Hemp, end Ramie Count. — ^The hank is 300 yards. The count is 
the number of hanks to the pound. 

In all these systems we have a constant weight and variable length. In the 
following the length is constant and the weight variable . — 

Raw Silk Count. — The hank or skem contams 450 metres. The weight of 
this skein in half decigrammes (t.e 0-05 gramme) is its count. 

Raw Silk Denier Count. — The skein is 476 metres. The weight of this 
skein in deniers is its count A denier is 0*0532 gramme. 

Manchester count for raw or thrown silk. The weight in drams of 1000 
yards is the count. 

Measurement of Count. — To determine the count of a yarn a suitable 
length IS measured off, avoiding either strain or slackness, and carefully weighed. 
From this weight the required count is calculated The length taken depends 
upon the fineness of the yam. For cotton and worsted 120 yards, termed a lea, 
IS convenient, but for raw silk, or even very fine cotton yarn, a greater length 
must be taken. 

The method may be illustrated by a few examples. 

Cotton. — lea of cotton (or 120 yards) is 1/7 of a hank. A pound contains 
7000 grams No 1 cotton (i e one hank to the pound) means that 840 yards 
weighs 7000 grams. Therefore 120 yards would weigh KKX) grains Hence, if 
we measure off 120 yards of a cotton yam, weigh it m grams, and divide 1000 
by this weight, we shall obtain the count of the yarn. 

Example 1. 

120 yaidfi of single cotton weigh 17 25 griuns 

The count is i e, 67 07/1. 

Example 2, 

120 yards of twofold cotton weigh 40 grains. 

..1000 

The count is -nr-, > e. 25. 

4U 

Since the yarn contains two threads, it is made from two single 50’s doubled 
together to make a thread twice as coarse, % e 25’s. The count is written 50/2. 

Wool.— Eighty yards is 1 /7 of a hank of 560 yards If we measure 80 yards 
and weigh it in grains, the count can be obtained, as with cotton, by dividing 
this weight into 1000. The machine which we use for measuring gives the best 
results with 120 yards, te with 3/14 of a hank. For No. 1 the weight of this 
length is 3/14x 7000 grain, i.e 1500. Hence we can get the count by dividing 
1500 by the weight in grams of 120 yards. 

Example. 

120 yards ut single worsted yam weigh 30 grams. 

The count JB > e. 60 or 1/60. 

Ov 

Ramie, etc. — The hank is 300 yards, and 120 yards is 2/5 of a hank. For 
No. 1, 300 yards weigh 7000 grains. Therefore, 120 yards weigh 2/6 of 7000, 
i.e. 2800. Thus to obtain the count we may measure 120 yards, weigh it in 
grains, and divide this weight into 2800. 

Silk. — ^If we want to express the count in terms of drams per 1000 yards, we 
may measure off 120 yards and weigh it in grains. Remembering that a dram 
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containn 16 grainH, it js Hiinple to calrulate the weight of 1000 yards in drams. 
When deniers or other counts involving the metric system are required, the 
calculations are rather difficult In such cases it is better to weigh in grammes. 

Example. 

120 yards of mlk weigh 2 60 grammes Find the count m half decigrammes per 460 
metres. 

120 yards--120 XO 0144 mctres=109 73. 

450 metres weigh - grammes, if 10 26 

lUzr to 

. eount=— ^=-206 

0 Uo 

The count is determined by carefully winding and weighing a measured 
length of the yarn, sufficient tests being made 
from different portions of the sample to secure 
a fair average The length selected is generally 
one lea, or 120 yards The hank is placed on a 
light revolving Schwarzenbach wheel (fig 85), and 
the required length measured on a wrap reel of 
.54 inches diameter, provided with a recording 
measuring dial (fig 86) Each complete re- 
volution of the jHunter measures 120 yards, and 
IS marked by the automatic ringing of a bell 
connected with the recorder The apparatus is 
also jirovided with a travelling mechanism to 
prevent overlapping The base of the instru- 
ment carries a number of skewers ujion which 
Fio. 85 co]iH or bobbins may be placed, and between 

these and the reel are a number of glass hooks 
through which the yarn p.issos in order that even tension may be maintained. 
It IS ( f great imjMirtaiicc that there should be neither undue tension nor 
sagging of the yarn, since in cither ca.se the measurement will be inaccurate 
111 the revolving wheel illustrated, tension is .■’djiisted by means of a 
small weight suspended from the axle The leccfsaiy length having Icen 
measured, it is removed from the reel and cnicfiilly weighed cn a Inlcncc 
that IS delic.ate to at lea.st one-tenth c.f a grain, and which is encliicd in 
a glass case to protect it from currents of air As a rule, ten tests are made 
from dilTcrcnt cojis or hauks._ As each one is removed from the reel it should be 
jilaced in an air-tight or stoppered bottle If left lying about it may lose moisture 
a 11(1 thus affect the accuracy of the test When sufficient leas have been measured 
off, they are carefully weighed and the average weight of a lea determined. 
From tins weight the count can be exactly calculated in the manner shown in 
the following example Ten leas of a reputed 32/1 were reeled and weighed, the 
average weight per lea being 34 grams One hank weighs 7 x 34 grainB=238 
grains. Since there are 7000 grains in a pound, 1 lb. of the cotton will contain 
7000 

hanks, i.e. 29‘41. Since the yam is single, the count is therefore 29-41/1. 
If it wereoloublel^, the count would be 58'82/2. 

Example. 

Ten leas of 70/2 cotton reeled and weighed gave 120 yards— 29 5 grows 

M lu X • "000 1000 , , „ 

\1 lb. contains - — lianlis=33 9 
7 x 29 6 29 6 
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Thus the cotton would be 33‘9 if a, single, but since it is doubled the count is 
67-8/2. 

The weight of a given length of yam is affected by the amount of water it 
contains. This varies from day to day unless the temperature and humidity 
of the atmosphere remain constant. Two persons testing the same yarn at 
different places may get different results unless allowance be made for difference 
m the water content of the yam. For accurate work, or in cases where disputes 
may arise, the count should be calculated upon the yarn at “ correct condition.” 



Fig 88 — Hand wiap reel 

This IS a constant number. However much or little water a yam may contain, 
its true count at correct condition is always the same. The “ true ” or condition 
count may be obtained from the “ apparent ” count by dividing the latter by 
the percentage condition weight of the yam and multiplying by 100, e.g. 

Count determined as leceivcd . . 32 00 

Percentage condition weight ... 96 50 

32 OU 

True or conditif^n lt)U--33 ID 

Uo tM/ 

The leas measured off for the test may be used to determine moisture. They 
are placed together in a weighing bottle and weighed. They are then dried in 
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an oven and again weighed in the weighing bottle. The dry weight of the leas 
IS thus obtained and the true count ran be calculated. 


Example. 

Ten leaB of cotton, an meabuicd, weighed 190 grains. The count of the yarn, as received, 
>000 

was -rs;-, * c 52 63. 

Ill 

When dry the weight was 180 grains The eondition weight of these 10 leas is therefore 
180+ grams, i e 196 30 


lUO 


1000 

The true count is therefore i ( 51 20 
19 53 


The true count of a yarn 16 also affected by weighting matter or excess of 
oil, if present In such cases the weighting matter must be estimated and 
allowed for if the true count is required 


Eiample 

The appaicnt (mint of a cotton yarn is 200 Analysis shows that it contains 5 })cr tent 
of (ocoaniit oil What is its irui (oiiiit ' t>inc( tin (oinit is 200 tlu weight of 120 yards 
would lie 5 grams Of this5 jaruiit is oil ifeiHC tin wtightof (ottoii in 120 yauls would 

b( grains, » p 4 75 

lINK) 

The true count is 5 

If we required the hue count at correct (ondition, the oil would, first, 
be oxtra(tcd by means of ether or a similar solvent, and the residual yarn 
then dried .iiid weighed The “ regain ” would then be calculated and added to 
the weight of the dry oil-free leas. 


Example. 

120 yards of i otloii wi le cslracted and dm d The weight of the diy c xtraetc d yam was 

10 grams Tin irgam would be or 1 36 Hi ncc, tho weight of the lea at coirect ( on 

lUU 

ditioii IS 17 36 grams and tho “ true count ” at correet condition is • « 57'6 

17 oU 


In measuring count, < are must be taken to make enough tests to get a fair 
average, and within reasonable limits the greater the length measured the 
more ,u curate will be the results The following table shows the beat lengths 
to measure 


Up to 40 h . 

40 a to SO’s 
80’s to 100 . 
Very fine count 


120 yards. 
240 „ 

480 „ 

1000 „ 


When more than 240 yards are measured, the hank must be weighed before 
and after reeling, the difference between two weights being the weight of yam 
reeled This is necessary, since the constant revolution of the widely spread 
yarn on the wrap reel may cause the loss of sufficient water, especially in a dry 
room, to seriously affect the accunwy of the count. When any considerable 
length IS measured, great care must be taken to prevent overlapping by stopping 
every now and then and pushing the reeled yarn to one side. Machines can, 
however, be obtained which will wind up to 1000 yards without overlapping. 
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Care mast be taken to make enough tests from different cops or hanks to 
get a fair average. At least ten are necessary. When these have been made, 
each 120 yards should be weighed separately and the count worked out In 
this way we can form an estimate of the venation in the count. If the whole 
of the lots measured were weighed together we should only get the average count. 
This IS illustrated by the following example of cotton yam : — 



Weight of 120 
Yards in Grains. 

Count. 

Teat No 1 

12 66 

78 69 

t* >j 2 

12 46 

80 32 

»i t» 3 

12 70 

78 66 

i> » 4 

12 96 

77 22 

„ •• 5 

12 00 

8:133 

>, >, 6 

12-;i6 

80 97 

.. 7 

13 10 

76 33 

„ 8 

12 70 

78 66 


Mean count 79 27 


III a perfect yarn the count would be uniform throughout. In practice it 
vanes from yard to yard, but in a considerable length the variations balance 
one another approximately. The greater the length reeled for weighing the 
more constant will the count appear. In expressing counts it is usual to give 
the average, but in the case of silk the maximum and mimmum are given, e.u. 
62/67. 

It IS sometimes necessary to know the equivalent counts in two different 
systems These can generally be obtained from tables, but are readily calcu- 
lated from the definition of unit of count 


Examjile, 

What worsted count is equivalent to 50 cotton 7 

1 's wonted means 660 yards to 1 lb 

1’b cotton means 840 yards to 1 lb 

Hence, if x be the required worsted count, we have — 

560 . 840 . : 60 . X 
660x=60x840. 
x=76. 

Folded Yarns. — TheseTiave been referred to above. Generally they consist 
of two or more threads, of the same material and count, mechanically twisted 
together. When this is the case the count of the folded yarn is approximately 
that of the original yam divided by the number of threads. The exact count 
depends of course upon the amount of twist put in during folding. Folded 
yams can be made from threads of different counts. The count of the resulting 
yam may be calculated upon the followmg principles — 


Example. 

What is the count of cotton yam obtained by folding together 20 'b and lO's 7 H x be 
required, then — 

7000 7000,7000 1 1,1 

— =io-+-ib-‘ s=2o+r6 - 


X 
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Measurement of Length. — If sufficient teste of counts have been made to 
ensure a fair average, the length of yam present in a bundle may be calculated 
from the count and net weight. Thus, if the count of a bundle is 51 *5/2, and 
the net weight 9 lbs 12 ozs , the length will be 15*76 X 840 X 9*75 yards If from 
240 to 480 yards be reeled off for each test, and twelve tests be made each from 
a difierent hank, this method is unimpeachable. Sometimes two or three knots 
are taken and reeled ; but it must be obvious that these cannot give such a fair 
representation of the bundle as ten or twelve shorter lengths fromi as many 
different knots. In reeling long lengths, great care must be taken to prevent 
undue slackness, tension, or overlappmg. 

The direct determmation of length may be carried out by means of a special 
machine made on the principle of the wrap reel, but which will take ten hanks 
at once and measure up at least 1000 yards without overlapping. The ten 
hanks, having been carefully weighed, are put as evenly as possible upon the 
holders and wound ofi. Care must be taken to stop the machine immediately 
if one of the threads breaks, since the recording arrangement is not thereby 
thrown out of gear. As each hank is wound the machine is stopped and the 
length noted. From the sum of the lengths measured and their weight the 
total length present in the bundle, as well as the count, can be ascertained For 
the measurement of count this method is of course superior to that depending 
upon the measurement of leas, smce the greater length ensures a better average. 
The following is an example of the method . — 


Ton hanks of ootton weighed 1 9.‘l lbs These mcasurod 3205, 3217, 3220, 3220, 3225, 
3300, 3325, 3330, 3355, and 3380 yards 

Tho total length measured was 32,777 yards. 

The net weight of the bundle was 9 80 lbs. 


Hence tho total length was 


32,777 
1 93 X 840’ 


t e. 20 22. 


32,777 
1 93 


X9 80, 


t e 


166,432 yards, and the count is 


Count of Cloth. — This is determined as follows — 

1. Weft Count , — The cloth is laid upon a plate having a square opening of 
a definite size, generally 1 inch. The number of threads is then carefully counted 
with the aid of a lens 

2. Warp Count — The process is the same as for the weft, but the standard 
adojitcd IS generally of an inch. Frequently, however, it is the custom to 
simply measure the number of threads each way in a square having J of an mch 
edge. 


Tensile stbength and elasticity 

A yarn must have sufficient tensile strength and elasticity to stand the strain 
of the machines used in weaving it into a fabric Yarn used for warp threads, 
t.e. those running longitudinally through the fabnc and forming its skeleton, 
muat be stronger than weft threads used to fill up the spaces and runmng 
transversely. 

The'trasile strength of a fibre or thread is expressed as the weight necessary 
to break a given length with direct and longitudinal tension. 

The elairtfeity is the increase in length at the breaking-point, and is expressed 
as a percentage. In a fabric the various threads give each other mutual support 
Thus, a fairly strong fabric may be made from threads which are individually 
too weak to stand the strain of weaving or manufacture. To enable them to 
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do this they are “ sized,” i e. treated with some strengthening mixture, such as 
starch or giue, before weaving. The size may be removed during the finishing 
processes applied to the fabrics. The various textile fibres have different tensile 
strength and elasticity. The strength of a yarn or fabric will depend, therefore, 
in the first place, upon the inherent tensile strength of the fibre from which it 
is made. There are, however, other factors which have important effects. For 
the same material the tensile strength of a yarn varies inversely with the count. 
Thus, No. 1 IS twenty times stronger than No 20 if both are made from fibres 
of the same quality. Other factors are (1) length of fibre, (2) fineness and even- 
ness of diameter, (3) healthmess or matnnty, (4) amount and regularity of twist 
introduced during spinning, (5) humidity of the atmosphere. 

Length of Fibre. — Short fibres cannot be twisted together as easily as long 
ones, and when twisted do not hold together so tenaciously For any given 
fibre the best yarns are always spun from selected long fibres. Evenness in 
length IS also of importance for the same reason. Long fibres are separated 
from short ones by such processes as carding and combing. 

Fineness and Evenness of Diameter. — The finer a fibre the greater is the 
amount of twist which can be imparted during spinning. If the diameter be 
variable, the twist will be uneven Where the fibres are fine there will be more 
than where they are coarse If we try to put enough twist into the coarse fibres 
we shall have too much in the finer fibres Too much twist, like too httle, is a 
source of weakness. 

Healthiness and Maturity of Fibres. — Cotton grown in a bad, cold, or 
wet season does not ripen properly, and is consequently deficient in the layers 
of cellulose which give it its inherent strength As a general rule, when cotton 
IS plentiful and cheap it is stronger than when it is scarce and dear. Similarly, 
badly nourished or diseased ammals produce only a low-grade wool or hair, and 
unhealthy silkworms a low-grade silk. 

Amount and Regularity of Twist. — During spinning the individual fibres 
are twisted round a longitudinal axis The twist bears a definite relation to the 
count of the yam Too little twist allows the fibres to be drawn out easily and 
the yarn is weak Too much twist tends to cause knots which catch in the 
machines It also reduces the elasticity Uniformity of twist is also very im- 
portant This depends, largely, upon evenneas in length and diameter of the 
fibres. In a perfect yarn the twist should be nearly constant from inch to inch. 
In practice, however, it varies very much, and is only fairly constant over a 
considerable length. This is seen in the following examples of cotton yarns, 
the figures being the number of twists per inch . — 


Count of Yam 

Twist per Inch 
Maximum 

Twist per Inch 
Minimum. 

Average 

60/1 

60 

10 

26 

70/1 


26 

42 

90/1 

41 

10 

26 


36 

21 

24 

120/2 

40 

10 

27 


Humidity of the Atmosphero. — This factor exercises a very important 
effect upon tensile strength. Its effect is not the same for all fibres. Thus, the 
tensile strength and elasticity of cotton and flax are increased by mcreasing the 
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humidity of the atmosphere to which they are exposed, but with wool the 
effect IS the opposite. Lancashire has became the centre of the cotton-spinning 
trade largely because of the high percentage humidity of its atmosphere. The 
following examples show the effect of increasing humidity in the case of fabrics : — 


Relative 

Humidity 

Strength of 
Serge 

Strength of 
Cotton Dnll 

Strength of 
Canvas. 

44 jior cent 

H2 

Vanatinn 

186 lbs 

160 

14 per cent. 

621 lbs 
.502 „ 

12 per cent 

509 lbs 

729 „ 

18 per cent 


The effect of moisture upon artificial silks is, in some cases, very marked, 
tensile strength falling rapi^y with increasing humidity. The decrease in the 
case of wool is not of great moment, because the strain of the machines is not 
great and the diminished strength of the fibre is still sufficient. With cotton 
it 18 different. A yarn which, when dry, is too weak to pass through machines 
without constant breaking, may be made strong enough to use satisfactorily by 
increasing the humidity of the atmosphere and giving the yarn time to come to 
a state of equilibrium. The following tables will show the importance of this 
point - - 


Count of Yarn 

Humidity 

Tensile Strength 

60/1 

87 

2161 



70 

24 7 



72 

26 4 

single threads. 


76 

26 6 


87 

26 8j 


60/2 

69 

40 6' 



73 

46 6 

single threads 


77 

45 6 J 

40/2 

60 

90 81 

•leas 


87 

119 6J 

32/2 

60 

108 8] 



80 

124 3 

-leas. 


86 

137 8 J 


100/2 

37 

67-0 1 



79 

09 6 

-leas 


87 

70 3 J 



It follows, from these results, that, for accurate work, and to obtain really 
comparable results, strength tests should always be made under known or 
standard conditions of humidity. 

Measurement of Tensile Strength of Yams. — The tensile strength of a 
yarn is expressed m two ways, viz. ( 1 ) m lbs per lea of 120 yards, ( 2 ) the 
weight required to break a single thread The breaking strength per lea is 
measured in the following manner : — 

The cotton is reeled m leas and the two ends carefully knotted together. 
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The lea is then temoved and placed carefully and evenly spread out upon the 
two hooks of the testing machine shown in fig. 87. 

These hooks are capable of being moved vertically in opposite directions by 
the turning of a screw, and they are connected with a weight and lever and a 
recording dial which registers the pull of the yam in lbs. Before any pull 
is exercised, the cotton stretches owing to its elasticity, and a pointer and scale 
are attached to the vertical column to register this elasticity. The screw is 
either turned by power or hand. If by hand, great care should be taken to 
prevent jerking and to maintain a perfectly uniform rate of turmng, otherwise 
erratic results may be obtained. The upper hook is connected with a chain 
which passes over a cylinder to which is attached a lever and weight and pointer. 
Before commencing a test the pointer is set at zero, when the weight hangs 
vertically. When the screw is turned the tension of the yarn causes the weight 
to be raised until the yarn breaks, when the weight is arrested by a catch working 
on a semicircular rack The dial is then read and the machine reset 

In order to get regular results the handle must always be turned at the same 
rate If the speed is greater, the yarn will show a greater breaking strength 
than when turned slowly. From experiments made by Bowman it was shown 
that in order that the breaking strength of the yarn, as indicated by the machine, 
may correspond with the actual breaking strength due to gravity, the hand of 
the dial should travel round the face in eight seconds For these reasons it is 
better, if possible, to have the machine worked by power. In the machine shown 
in fig 87 the power is supplied by means of a motor which actuates a strong 
square-thread screw which revolves within a steel casing. In another form of 
machine the lea is stretched between two horizontal hooks, and the weight is 
replaced by a chain passing over a pulley carrying a vessel into which water 
can be poured, the weight required to break the lea being afterwards measured 
or weighed. 

The testing of the strength of leas of yam is open to many objections What 
one really tests is the breaking strain of the weakest threads in the lea, or those 
that have the least elasticity. Then, again, the even spreading of the lea on the 
hooks affects the result, and to a certain extent the tensions under which the lea 
has been reeled Thus, the difference between consecutive tests is very great. 
The following illustration serves to show the difficulties attending the testing 
of leas Suppose that four turns of yarn are actually gripped at the hooks, 
that they have different elasticities, and that they have the following breaking 
strains and elongations before breaking ; — 

A breaks at 10 lbs with an elongation ot 1 inch. 

B „ „ 6 „ „ „ „ 2 inches 

C „ ,, .1 ,, », ,, 3 ,, 

B ,, ,,4- „ „ ,, 4 ,, 

When A breaks the strain is -j-l=14| lbs., and hence the average 

breaking strength is 14J -^4=3'526, but the average is 

lQ+^+i+3 ^5-5 lbs. 

4 

If the elasticity be neglected and say twenty turns of yam, m which there 
IS one weak spot which will withstand the strain of 3 ozs., the remainder being 
uniform at 6 ozs., be placed on the hooks in the ordinary test, the pull will be 
60 ozs., but if there had been more weak spots it would still have been the same. 
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li^o 87. — ^Yam-testing machine. 
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That IS to say, both yarns would test the same, although one would be much 
superior to the other 

It IS obvious that the only -nay s( lentifieally to test strength and unevenness 
IS to test the breaking strength of a number of single threads Several machines 



Fio 88 — Cook’s single thread tester 

are in use for this purpose, but as a rule they only test one thread at a time, 
thus making the ojieration a very long one The automatic single thread tester, 
made by Messrs Cook & Co of Manchester, is capable of making a large number 
of tests simultaneously and recording their strength on a chart The apparatus 
is shown in fig 88 From commencement to finish of one test there are four 
operations — 


17 
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1. An inward movomcnt of the carnage prcaenting yarns to the nips at the 
point of the machine 

2. An outward movcmont allowing a definite length to he delivered, and the 
breaking of this against sjiecinlly ronstnicted springs 

3 lieeord of the strength on the diagram paper during the inward movement 
of the carnage 

4 Clearing the tested yarn from the ni])s ready for the next teat 

The following details of the working of the apparatus are given in the Textile 
Iteroriler Year Hml, 1924 

“ The cops or hobhins are jilaced on skewers mounted upon a frame having a 
traversing motion Ear h thread is passed through the tensioning hooka and eves 
and between a clip When the machine is started the 
frame moves forward, and a plate lying underneath the 
threads rises and lavs each thread into the jaws of 
another senes of cli|)s, which immediately close When 
the frame or carnage has receded about 12 inches, the 
clijis in the carnage close on the threads, and as the 
cai riage coiitiinies its outward movement for about another 
4 inclicH, strain is jnit on the threads The strain dis- 
tends a si'ries of sjinngs mounted at the rear entl of the 
second set of clips This distension draws a senes of 
poinfors along until the several threads are broken, then 
the jKiinters are pressed down into the diagram shy), at 
the positions to whiidi the jiointers hiive been yiulled, 
and thus a reeoid of the breaking load is made The 
broken ends arc cleared away from the cliyis, the jiointers 
jiushcd b<u‘k to z<*ro, and the whole tvcle of niovenieiifs 
IS repeated about eighty times, when the machine is 
stoyijied nutoniatically The record of the breaking 
strength of the several threads is shown on a jmnetured 
slip, and the variations are readily observed 

“Different strengths of sjjrings are used for various 
({ualitics and counts of varn 

“The only appirently weak jiurt of the machine m 
the spring, and to eliminate error the greatest possible 
care is exorcised in the selection of the sjirmgs ” 

The Baer Tester (fig. 89) is also suitable for 
measuring the strength and elasticity of single threads 
It has an oil-plunger controlled pull and a remove- 
able counterweight The thread is held by two clips and the yilunger allowed 
to fall As this takes yilace, the weighted arm is raised until it breaks the yarn, 
when the arm is arrested by a catch, while a pointer shows the brewing 
strength. 

The O’Neill Breaking-load Test for Single Hairs (J Texi Inst , 1924, 
T 282) —The modified O’Neill apparatus used is shown in fig 90 * It consists 
of a cylinder A, about 50 cm. long and 6 cm wide, containing water which 
supports n tubular float B, about l-O cm. wide The specimen to be tested is 
mounted by means ot sealing-wax across a hole 1 cm. wide in a slip of paper P 
(fig 91 ),* the ends of which arc junned to the holders and Kg. The paper is 
cut along the dotted lines and water run out from the cylinder until the free 
centimetre length of hair just begins to bear the weight of the float, this state 
1 Illustrations by courtesy of the British Cotton Industry Besearoh Association. 
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beiTif; indicated in fig. 90 Water is now drawn off through the capillary jet J 
into a measuring vessel until the hair breaks The breaking load on the hair 
IS V r®) grammes weight, where V is the volume of water run in cubic 

centimetres and r and R are the radii of the float and cylinder respectively in 
centimetres 

Oxley (J &OC Dyers and Col ,19^, 176) has described a new test for yarns, 

called the oscillating-streBS test, which aims at a rejircsentation of the variable 
stresses nccomjmnying certain motions of a loom. Twelve threads, consecutive 
_ specimens, are subjected to cyclical stress varia- 

tions, the stre.ss varying apfiroxi mutely in a 
^ I t If simple harmonic fashion An illustration of the 

^ I apparatus is shown in fig 92 It was found that 

^ HAIR although the load at no time oven approached 

rj 1 ^^ > the normal breaking load, yet the sjiecimens could 

1x2 be broken by a sufficient number of oscillations, 

^ this effect licing due to the accumulation of a 

miuute jiermaiient set in the yarn at each oscilla- 
— lion The number of oscillations is thus a 

f”: measure of the caji.icity of the yarn to withstand 



HAIR 


SIALIHG WAX 


Fm 90 


O’Neill bi’cakmg-load tester 


this type of variable stress Consecutive specimens of mule yarn were tested 
in this way, and it was found that although most of the specimens could 
withstand only a few hundred oscillations, yet those specimens which came from 
near the spindle tip of the stretch withstood 5000 oscillations without rupture. 
In these specimens the twist is high, and the permanent set produced by an 
oscillation is infinitesimal All these methods of testing agree in attributing 
this type of unevenness of mule yarns to the intermittent character of the 
mule mechanism. 

Testing the Strength of Piece Goods. — In the first place it must be noted 
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that thp habit of testing the strength of a blear hcd fdhru by the handa la quite 
useless, exrejit in the (.ise of visibl\ tendered goods The only rcluible method 
IS to use some form of mcrh.inir.il ajijwrjtus iti ahieh the breaking strength is 
testcsl .iiitumatK .illy <ig,iinst ii spring or dead weight Breaking tests, before 
and after a ])riK ess, adord the most certain means of detecting tendering, pro- 
vided the tc'sts .ire alwaiH r.irried out under strictly comparable conditions 
and a sufhi lent number .ire made to obtain a fair average A convenient form 
of a])})aratus is shown in lig 93, made by Messrs Goodbrand & Co It consists 
of a dial A, with divisions r orresfxmding to actual weights When the material 
bre.iks the pointer rpm.iins Matioiiary, thus registering the breaking strain m 
pounds The pointer is set at zero by releasing the catches A, which aet the 
handle H Iree, thus allowing the weight .1 to find its own centre and bring the 
pointer buck to aero A brass ])late engraved m inches shows the stretch of 
the material before it breaks B ,ind B are champs for fixing the material to 
be tented Tbev are woiked b} two ecceiitiio levers, rams C and D, which are 
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pushed to fasten the cloth bctw«*en the jaws Between these jaws is a steel 
plate K with a biass guide b.ir agiinst which the cloth is placed to ensure its 
being evenh md eorreetb set The test is jicrfornied is follows Place the 
material on the phite E taking c.vre that the ends are evenh placed beneath 
the jaws B Then secure it bv pushing over the lever 0 Before securing the 
second it is ni*cc>ss.irj to see that the cloth has an even tension bv pushing 
it under the second jaw without ain unevenness AAhen this has been done, 
secure the end by means of the lever D, and applv the power at K By means 
of the screw Q a strain is jiut upon the material till it breaks, the pointer indi- 
cating on the dial the number of pounds at which it broke, and the indicator 
F the elongation before breaking 

The Burstinf^ and Ripping Strain of Fabrics.- Hubner {J Soc Dyers 
and Col , 1921, ji 71 ) states that the resistance of a fabric to ” bursting ” or to 
“ Tipjnng ” affords often, valuable iiifonnation, and, in many cases, a bursting 
or ripping tost can rejilaoe the more tedious teiiaile test In paper testing, the 
bursting strain is frecpientlv considered a suitable eriterion of strength and 
qualitv For the ripping test Htibner employs a “ Schopper ” paper-testing 
apparatus His method consists of cutting either the warp or weft threads 
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to a depth of 2 inches, then fixing one end of the cut piece in the upper and 
the other end m the lower jaw of the machine The jaws are made to move 
apart at a uniform speed of 3 inches per minute, for a distance of about 2 inches, 
and the strain is applied at right angles to the threads to be broken The bursting 
strain is measured by a “ Mullen ” paper-testing machine, in which the paper 
18 burst by means of an inflated rubber diaphragm Many interesting applica- 
tions of these tests are given in the original paper 



Fig 93 — (Uotb-tiHJtiiig mai biiio 


Measurement of Twist. — The twist of a ynm is the number of complete 
turns which it makes in a given length, generally 1 inch It is measured by 
means of the machine shown in fig 94, which recowls the number of turns neces- 
sary to untwist the yarn A is a dial, which is rotated by a screw crank BC, 
connected with the wheel B. It is engraved vrith figures showing the number 
of revolutions made The- pillar is clamped to the board by means of a screw 
clamp at any required distance To make a test, the nut on the dial is loosened 
and the dial is set at zero, after which the nut is screwed back. The yam is 
fixed by means of the clamps, the pillar being moved outwards till the yam is 
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]U8t taut, but without undue tension The pillar is then clamped on to the 
board and the handle turned until the yarn is free from twist The number of 
resolutions made b\ the wheel is then read on the dial, and this, divided bv the 
length of -yarn tested, in inthes, gives the number of turns per inch 

In dealing with folded vams, we have two kinds of twist whith may be in 
op]K)Hite directions These are (1) the twist imparted to the fibres of the single 
yarn during spinning, and (2) the twist introduied in folding the single yiin 
into a double oi thieefold thread lh( length usuilly taken for measuring 
twist IS from 4 to (» indies, but the accuraci of the test vanes invcisely 
with the length \\t h.ive alieadv notiied the great variation found in twist 
from indi to indi of a \arn It is only when a considerable length, such as 
b Indies IS taken that am approadi to regularity appeirs Inasmuch as 
the tensile strength of a varn is very closely connected with the rcgiiluiitv oi 
the twist, tests should alwiys be made upon a short length surh is 1 inch or 
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even I inch The imjiortarit fact to ascertain is not the average twist over a long 
length hut the maximum and iiiimmuin Ironi inrh to inch, and the frerjuency 
with which excess or deficiency in twist occurs If a varn were jirepared from 
jierfeitly tombed hbres of uniform diameter with perfect machines, the twist 
would he practiially constant throughout In practice this ideal cannot be 
attained, hut good yarns approach the ideal more closely than bad ones Thus, 
in the evaniples given above we see that in one rase the twist varies from 10 
to faO The diief cause of variations in twist is irregularity iii the diameter of 
the fibres W hen r oarse and fine fibres are mixed, the finer fibres lake the twist 
at the eyjiense of the coarser ouen In order to jiut enough tw 1 st into the c oarse 
fibres we must oveitwist the hue fibres IJefiiicnry m twist makes a yarn weak, 
because the filipes are easily pulled apart, especially if they are short Excessive 
twiat destroys dastirity and causes yam to snap when subjected to tension 
It also tends to form little knots which catch in machines and break Finally, 
sufhcient twist would actually rupture the fibres 

We have seen ^ove that the twist of a yarn bears a definite relation to its 
count For cotton ilpd worsted yarns the figures ate — 
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Warp Yams 

Weft Yams 

Cotton 

Square root oi count multiphed 
by 3 75. 

Sejuare root of ( ount multiphed 
by 3 25 


A twjBt much in exces'i of the theoreticdl value causcH the >aru to form 
kmks, which limit its elasticity and cateh in machinery In doubled yarns the 
component threads are twisted together in the ojiposite direction to that of 
the original twist of the threads The evenness or regularitj of a yarn may be 
judged by winding it off on a Hat board or card and examining it with a lens 
Inequalities, knots, etc , may be detected by this means 

The Analysis of Cotton. 

The special tests for bleached cotton will be described later (Chapter XXIV ). 
The present sec tion deals onl> with the general analysis of an unbleached specimen 
It IS frequently of importance to a bleacher to know the composition of a sample 
which he has to deal with The routine tests include the determination of 

1 Moisture 

2 Mineral matter or ash 

3 Oil and wax 

4 Matters soluble m boiling sodium hydroxide solution after removal of oil 
and wax 

5 Colouring matters removable by bleaching 

Determination of Moisture. —Moisture is best determined hy the method 
described under “Conditioning” If no conditioning oven is available, the 
following alternative process may be used About 5 grammes of the sample 
aie weiglied accurately in a wide mouthed stoppered weighing bottle The 
stopjier is icmoved and the bottle and its contents placed in an oven heated to 
a temperature of about 105° C After two hours the bottle is removed, cooled 
ill a desiccator, and weighed after insertion of the stopper It is then heated 
111 the oven again for half an hour and weighed, the process being repeated till 
no further loss of weight occurs The total loss is the water presint in the 
weight of the sample taken 

Determination of Mineral Matter or Ash.— About 5 grammes of the 
sample are weighed in a previously weighed platinum, silica, or silver dish The 
dish IS then ignited over a Bunsen flame or in a muffle till a white or greyish ash 
IS obtained It is then cooled in a desiccator and weighed 

Oil and Wax.— The dry residue obtained m the determination of moisture 
may be used It is placed in the chamber of a Soxhlet or continuous hot ex- 
tractor The latter is preferable The apparatus has been described on p 76 
A suitable solvent, such as chloroform, carbon tetrachloride, or benzol, is placed 
m the weighed flask and the liquid kept boiling for about three hours The 
solvent IS then evajiorated off and the residue in the flask dried to constant 
weight and weighed This gives the total fatty matter If further details are 
required it may be examined in the following way — 

Free fatty acids may be determined by adding a little neutralised industrial 
spirit to the flask, warming the mixture to dissolve the free acids, and then 
titrating carefully with decinormal sodium hydroxide, using phenolphthaleiu 
as indicator The first appearance of a permanent pink colour indicates the end 
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point of the reaction This colour disappears if the mixture is allowed to stand, 
since any excess of free sodium hydroxide saponifies some of the fat Each 
cubic centimetre of decmormal alkali used neutralises 0 0282 gramme of oleic 
acid, in terms of which the free fatty acids arc expressed 

Unsaponifiable Matter.— A little more spirit is added after neutralising 
the free fatty acids, together with about 2 grammes of solid potassium hydroxide 
(or f) c c of iv 50 per tent solution) The flask is attathed to a vertical con- 
denser and heated on a water-bath for two hours, with oicasional lotation of its 
contents A long glass tube, of about half an inch diameter, forms a satisfactory 
condenser At the end of two hours the mixture is ])Ouied into a separating 
funnel (fig M5) The flask is waslied out two or three times w ith small (juantities 
of hot distilled water, the washings being added to the contents of the separating 
funnel Aft(*r allowing these to cool, about 25 c c of ether or ])etroleum ether 
arc placed m the flask and rotated to dissolve any residua] fatty matters It 
IS then poured from the flask into the separating funnel, the 
stopper is replaced, and the contents of the sejiarator well mixed 
by shaking or rotating of the funnel, in order to dissolve the un- 
saponifiable m.iltcr Alter standing for a short time the solvent 
will rise to the surface, forming a deal la>cr contaiiiing the dis 
solved matter If an emulsion be formed, or if the solvent docs 
not sefiarate completely more spirit should be added and mixed 
with the IkjuuI in the funnel The lowei la>er is now drawn ott 
( irefully, the stopper having first been leinoved The ethei is 
washed twice in the sc'ji vratiiig fiinncl with a little distilled watei 
and a few diops of alcohol It i^ then decanted through the 
mouth of the funnel into a diy weighed flask The lowe>r aejueous 
la\ci is leturned to the scjiariiting lunnel and the evtraetioii 
repe-ated The eonibiiicd ether extracts are then eva]) 0 Tated, the 
residue drieel in the oven and weighe'd 

Matters Soluble in Sodium -hydroxide Solution. Attoi 
extraction with ethci the cotton is eliied and weighed in the 
stoppered weighing bottle as described above It is then jilaced 
in a flask contaiiiing a 2 ])er cent solution of sodium hydrate 
Fici 91— St The flask is connected with a reflux condensc'r and its contents 

paiator boiled gently for three hours After this, the licjuid is pouted oft 
and the cotton w.vshed rapidly several times witli hot water, and 
then with cold watcT till it is no longer alkaline in reaction It is then rinsed 
with dilute acetic ncid ((15 jier cent) to remove the last traces of alkali, 
washed again with water, dried, and weighed in the bottle The difference 
between the weights befoie and after boiling gives the amount of matter 
soluble in sodium hydroxide The matters soluble in alkali arc often deter- 
mined cm the original samjile without pievious extraction with ether and 
alcohol In this case thev include, with the pectins, yiroteiiis, etc, much of 
the oil, wax and coloiiimg matters When this cl'rect dc>termination is re- 
quired, a small autoclave should be usc'd, as the saponification of oil by 
means of dilute alkalis is very slow at 1(X) (’ 

Loss Due to Bleaching. The dry boiled cotton from the above experiment 
18 next treated with chlorine water till completely bleached The chlorine water 
should coutaip about 1 gramme of chlorme per litre 

A faintly acid solution of sodium hycpochlonto of a density of to 1° Tw may 
be used instead of chlorine water, and the time may be shortened by warming 
it to about 30° 0 After bleaching the cotton is washed with water and then 
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with water containing a little sodium sulphite to remove the last traces of 
chlorine. Finally it is washed again with water, dried, and weighed The loss 
in weight gives the matters removed by bleaching. 

The following is an example of the results obtained from an average sample 
of cotton yam by these methods, the results being expressed as percentages on 
the dry material : — 


Oil and wax 

0 75 

Matter aiilublc in sodium hydruxide 

0 55 

Loss uii blrac lung 

0 78 

Mineial matter 

0 12 



(’HAPTEK XIV 

COTTON PIECE GOODS (Introductory). 

The bleat hiriK tif t ottoii ])ie( e goods constitutes the largest branch of the bleat hing 
industrv, and lonijinses m the wider sense of the teini both the scouring and 
bleaching of the grty tltith, thus preparing it for the subsequent processes of 
printing, dyeing, or fiiiiHhing The requirements tif each of these processes vary 
tonsiderably in rcspeit of the degree to whuh it is necessary to remove from 
the tloth those ingredients is huh render it other than jmre cellulose These 
include (1) imjiurities introduced m the sizing of the yarn before weaving, or 
applied to the tloth alter it was woven , (2) “ motes ” or particles of the husk 
of the cotton plant , (3) the natural impurities occurring in the hbre The 
presence of the first named, together with the mechanical difht ulf v of penetrating 
the more or less closely woven t loth, and the nec essity for handling large quantities 
of considerable length in a ]iracticable manner, especially distinguish the art of 
piec e goods bleac hing from other branches of the industrv 

Printers and Dyers. In j)re])aring piece goods for calico jirinters, the 
extreme requirements to be complied with (relating especnllj to the printing 
of coloured patterns on a white groundwork and when the ageing jirocess is 
employed) are, that the cloth must be thoroughlv bottomed or freecl from all 
impurities which tend to prevent it from accejiting a clear and welldchned 
imiireHsioii Also, that the cotton must be entirely free from converMon into 
oxycellulosc, as this would be turned to a brown colour during the ageing process, 
and the white ground be spoiled The presence of oxycellulose is also detri- 
mental to the uniform reception of certain d}cs, when occurring even in the 
least traces Under less onerous conditions, as when a white ground is not 
require*d, the bleaching process is not carried to its extreme limits of safety , 
while, if the colour to be printed or dyed be of a dark shade, the process may 
frequenlly be confined to that of merely scouring, and the chemieking omitted, 
as, for instance in the turkey-red bleach, wherein it is of extreme importance to 
avoid the least risk of oxycellulose 

In general, for printers and dyers, the farst consideration is the absence of 
nil fattv and resinous matter, so that the cloth is highly and uniformly absorbent 
Secoiidlv that it is practically free from oxycellulose, and as white as may be 
dc‘sirc>d, whether it be for a pure white ground, or for enhancing the brilliance 
of a delicate shade of colour, or that the whiteness of the cloth has not sufficient 
indueiice on the shade iii question to warrant the cost of obtaining a good white, 
of ^indeed .inv thing better than is produced by scouring 

Finishers. — In the white trade, for the production of a bright, permanent, 
well-diottomed white, it is necessary that the scouring and bleaching process 
shall have effectually operated throughout the fibre, otherwise the cloth will be 
lacking m brilhance of tone and capacity to acquire the physical properties 
which shpuld result from the apphcation of the various finishing processes 
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Thus cloth of a given quality must be rendered uniform in its rapacity for 
absorbing and retaining moisture, the presence of which in correct proportion 
has a mobt important bearing on the eSeot produced by beetling, calendering, 
etc It must 8imilarl> be readily absorbent to the stiffening, weighting, tinting, 
and other ingredients apphed in finishing The general chemical processes of 
boiling, bleaihing, and scouring will be dealt with later, but their significance 
in the treatment of cotton is assumed to be understood For the present, 
attention will be directed more partitularlv to the consideration and significance 
of cleansing and bleaching us distini tis e treatments, the former relating generally 
to the removal of the resinous and other impurities, and “ bleaching ” to the 
decolorising action indui ed by oxidising agents 

Cleansing. — The significance of thorough cleansing is perhaps best regarded 
from the stand])omt of the bleacher, and it is hardly an exaggeration to state 
that his task is practically aci omplished when the cloth has successfully reached 
the stage when it is ready for “ bleaching ” or rendering white by submitting 
it to the action of an oxidising agent Any local irregularity of action occurring 
in the preliminary stages of decomiiosing and dissolving the suing and natural 
mijiunties can hardly be remedied Such defects will be largely detected during 
bleaching and souring, as stains which may, in favourable lases, submit to 
locahsed treatment, but will in all probabihtj result in subsequent trouble, both 
as regards the colour and finish of the gocxls 

The student who would aim at producing the most perfect work must there- 
fore limit his dependence on that iiart of the jirocess, which would at first appear 
to be the most rajiid and effectual, as undue reliance on the oxidising process 
lewis to oxycollulose and tendered cloth, and fictitious and tcmimrary uhiteness, 
which jiassing away, can be brought back neither by blueing nor rebleacbing 
Owing to exigencies of speed and cconomj, the experienced bleacher may 
occasionally ignore the above contention when bleaihing for the xchite trade, as 
a moderate degree of oxer bleaching m.ij pass muster without detection b> the 
( iistoiner but m aii} case he should take no risks in failing to secure the removal 
of any residual trac cs of the bleaching or souring agents, as these are even more 
detrimental m their subsequent effects when concentrated by drying than when 
used prem.iturely or too hbcrall}' on the wet cloth 

When bleaching goods interwoven with coloured patterns, the omission or 
Suppression of the boiling process is more gcnerallv called for, to preserve the 
c oloured portions , hence it will be seen that even the most generally applicable 
precautions and rules are subjee t to exceptions In further illustration of such 
exceptions, one may refer to a case in which resinous matter is deliberately 
introduced into the material towards the end of the process to obtain certain 
physical results affecting the hnished appearance of the cloth, such as roughness 
and stiffness, and again to give body to the fibre and the property, after partial 
drying or “conditioning,” of modifying the effect of calendering to imitate 
closely that ])roduced by the more costly process of beetling 

Despite the difficulty in enunciating rules of quite universal application, 
the art may be studied on broad lines, and principles arrived at to assist the 
judgment in dealing with and appreciating the conditions applicable to individual 
cases, although the element ui personal judgment must necessarily play an 
important part in devising the best mode of procedure m specific cases 

Thus the art of bleaching consists in adapting the number, duration, and 
seventy of a senes of known processes to the requirements of an assortment of 
dissimilar goods, which, for reasons of economy, must be handled in bulk with 
due regard to unequal capacity to withstand a common treatment 
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Ghedking. — On receipt of the grey doth, it le examined by meana of samples 
selected at random from a given batch, and of these the length, width, weight, 
and count are tested, anti the results recorded in the “ Grey Book ” The cloth 
usually arrives in “ lumps,” or pieces plaited (or folded lengthwise) in laps of 
nearly uniform length Several measurements of these are taken, averaged, and 
multiplied by the number of laps to get the gross length of the piece 

Storing.— The bulk is then piled for storage on clean wooden grids or 
“ stillages,” slightly elevated from the ground by cross bearers, and the piling 
effected so as to afford the best iwssible ventilation through the bulk, and 
occasionally rearranged, to jirevent the formation of mildew 

Assortment.— By reference to the Grey Book suitable assortments are 
made, constituting a convenient batch of goods of apjiroximate similarity for 
treatment by a common jirocess in bulk, and assembled in due sequence 

Stamping. — The ends being drawn out, they arc successively moved over a 
stamping tabic, where, with a hand stamp and gas tar, they are marked for 
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sul)se<|Ut'ut uleiitifkation, iind passed thence before the stitching machine, and 
the leailing and tad ends of umseciitive pieces stitched together, so that the 
fa<e sides will be in the same plane They are then dejxisited so that a coii- 
tinmiiis Tojie or Iwnd can be drawn off, according as they proceed direct to the 
irott or m|uire singeing 

Stitching. Tlie smiplest device, known as the donkey stitching machine, 
consists of a base ]ilate siipjairting a bracket and hinged arm (fig 96) The 
br.icket carries a stud, on which revolves a toothed wheel, gearing with a similar 
one att.iclicd to the ovcrliunging hinged arm Those wheels arc rotated by a 
hand wheel, and when two ends of cloth are engaged between them, they are 
gathered into ,i senes of loo])s Midway between the wheels, and lying within 
intersecting circular grooves cut in the tpc‘th of the feed wheels, lies the free 
pointed end of a threaded needle, sujiported endwise by a sjiring buffer or stop 
Hence m the passage and looping of the cloth accompanying rotation of the feed 
wheel, it 18 threaded on to the needle, which can be drawn by hand, with its 
thread to, 'lowing, to effect a gathered stitch connecting two pieces They are 
then stretchc''! out and the ends of the thread secured This mode of connecting 
13 simpte, and fnirlj rapid, and gives a strong stitch, which can be readily with- 
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drawn, if required, to disconnect the jiieces The method is also easily imitated 
by hand in remaking the ]omt The needles can be duplicated for stronger 
joints, by cutting two grooves in each feed wheel, and the joint may be made to 
lap, or abut, according to the method of feeding the ends to the machine The 
more usual practice is to employ a modern chain-stitch machine (fig 97), mounted 
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in conjunction with a special feeding and trimming device, consisting of a frame 
about which revolves a steel band, studded with sjiikes upon which the “ ends ” 
ate impaled during its revolution, and carried by it past the stitching machine 
and thereby stitched together endwise. Belease from the spikes is effected by 
the interposition between cloth and machine of an inclined forked spring, with 
slits for the reception of the spikes. A circular cutter trims off the superfluous 
edge of the stitched joint 

Singeing. — The singeing process is introduced at this stage for convenience, 
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a.s the cloth is iibout to bp washed, etc. Its object being to dress the face of 
the cloth or burn off the nap left by the manufacturer, does not concern the 



bleaching, except that it afTord.s an opportunity of detectmg the presence of 
injurious ingredients, which may be exposed by the concentrating action of 
applied heixt. 


Fig 98 — Sizigemg machine 
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It IS further of interest to the bleacher in that the passage of the cloth over 
the plate assists to some extent in the destruction of motes, etc , which happen 
to come in contact with the plate, and are thereby more readily removed in the 
later stage This process also attacks the particles or wads of black swarf which 
are found embedded in the fabric. TJiey are caused during weaving, and contain 
mineral oils and dirt, which it is almost impossible to extract in the bleaching 
process 

The process involves risk of burning the cloth and introducing similar defects 
to those of kier burns and over-bleaching The distinguishing feature lies in 
the occurrence of such defects in a direction parallel to the length of the cloth, 
and hence dissimilar to those occurring while the cloth is in the rojic form 

The machine (fig 98) consists essentially of a copper jilate slightly barrelled 
and of circular or n-shaped section, set m fireclay, with an arrangement for 
longitudinal expansion, and forming the crown of a horizontal flue, leading from 
a coke furnace or an oil jet, and heated thereby to a uniform red heat. Over 
this the cloth is drawn in open width by the rollers of a wetting-oiit mangle, run 
at adjustable speed, and guided to the requisite degree of contact by means ot 
guide rods capable of adjustment and rapid release by a hand lever. The plate 
singeing may be supjilemeiited by gas singeing, or the latter used alternately for 
lighter duties This consists of one or more Bunsen burners giving a continuous 
fl.it vertical flame, jiroduccd by gas, and forced air draught jiroduced by a fan 
The flame issues from a narrow orifice which is adjustable both as regards width 
and thickness The cloth passes under a water-cooled roller, and the flame 
imjMiigcs oil its under surface during its momentary passage, singeing the nap 
without attacking the surface of the cloth to any appreciable extent 

The main jirecautions to observe in singeing are to adjust the speed of trans- 
mission of the cloth over the burner or plate to suit the amount of singeing 
to be done, without risk of burning the cloth The plate must be kejit smooth 
and its contact with the cloth be uniformly even, and as the jilate is liable to 
distortion under expansion and contraction, the setting must be carefully and 
evenly jierformed, so as to avoid twisting or humping the jilate through resistance 
to longitudinal exjiansioii or access of cold air by leakage iii the setting. 

A slight barrelling of the plate is desirable to produce uniform contact by 
taking out creases, and for the same purpose the cloth is subjected to a slight 
tension at the feeding end by passing over tension rails The first piece is 
sewn to a feiit thrc.ided up by means of a tajie, so that the proper adjustment 
of flame, or guide rods, may be made before the actual cloth to be singed enters 
the machine 



CHAPTER XV. 
STEEPING. 


Thk next process is that of steeping, which has for its object the softening and 
opening up of the fibre ])reparatory to boihng with lime or caustic soda. The 
goods are, thus, rendered more permeable and the action of the lye is assisted 
Further, steeping aids in the removal of sizing materials by promoting the 
conversion of starch into soluble starch, sugar, or dextrin by means of natural 
Jerineiitation 

The simplest form of steeping is where water alone is used The goods are 
wetted down and covered with water at a temjieraturc which jiromotes the 
mnltijilication of the organi.snis naturallv present on the goods or in the water. 
A teinperatiire of about KKl" F is .suitable Any convenient vessel, preferably 
of wood, may be used, the goods being run m from a washing machine, to ensure 
saturation and loose plaiting down of the material 

At a temjteraturc of 1(K)“ F the organisms present multiply rapidly. Many 
of them secri'te enzymes capable of lu|uefying starch or jiroteins. Thus, the 
sizing matter ]iasses into solution gradually, and can be removed by washing 
1’his makes the next process, i e Ive boiling, easier It has been noted above 
that cotton contains mineral and other impurities which are comiiaratively 
readily soluble in water, and which would also be removed Great care must 
be taken to prevent the liquor from becoming foul or mouldy, and to minimise 
this risk the water must be changed frequently. Polluted water should not 
be used, since it contains, often, putrefactive or chromogenic organisms, which 
attack and damage the cotton, causing tenderness or coloured spots, the latter 
being difficult to remove subsequently If the operation be conducted with 
Care the results are quite satisfactory, and there is but little danger of damaging 
the fibre The process generally takes a day to complete, this corresponding 
to the period between the succes.sive charges of the grey-boiling kiers , but m 
jiractice, sometimes, for the sake of convenience, it is allowed to extend over 
the week end In this case the liquor often becomes turbid and emits an offensive 
smell This is dangerous, and indicates that the action is proceeding too far 
Owing to the time and extra space required, steeping is frequently onutted, or 
replaced by shorter process, such as wetting out in a water mangle attached to 
the singeing machine, and steeping by simply piling the wet goods overnight 

The removal of starch dressing or sizing is much more complete if an 
ainylolytic enzyme is used Diastase, malt extract, or a commercial preparation 
of diastase, such as diastafor, may be employed About 0-05 to 0 1 per cent of 
this IS mixed with w'ater in the steeping bath. The goods are entered and the 
temperature raised to about 65° C. The diastase converts the starch into a 
mixture of maltose and dextrin, both of which are readily soluble in water and 
can therefore be washed away It must be remembered that the action of 
diastase is completely inhibited by alkalis 

Animal amylolytic enzymes are more powerful in their action than those from 
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vegetable tissues, and have the advantage that they can be used at higher 
temperatures. “ Rapidase,” an enzyme obtained from Bacillus suMilts, is 
similar m properties. It can be used, either in a neutral bath, or one containing 
soap or sodium carbonate , half a ppund of sodium carbonate and 5 lbs. of soap 
per 1000 gallons do not affect its activity Thus, a certain amount of scouring 
may lie effected simultaneously with the desizing. The process is carried out 
as follows ; The cloth is wotted out in water at 176° to 185° F. and then im- 
pregnated in the rapidase hath at 185° P. The goods are then rinsed in water 
at a temperature of 203° F. in a washing mangle The quantity of rapidase 
used vanes from 3 to 15 lbs per 100 gallons, depending upon the amount of 
liquor remaining m the goods after squeezing The cloth is run over four or five 
rollers in the rapidase bath and then into a washing machine supplied with hot 
water In this way continuous desizing is obtained 

Among other methods are (1) the use of an old soda lye liquor, and (2) a wash 
through or a soak in acid The latter is found to exercise a disintegrating effect 
on the impurities in the cloth, and is, for example, mtrwluced in this connection 
as a scouring agent in the dollying of lace goods of exceptional dirtiness and also 
in the Thies-Herzig process 

Soaking in dilute hydrochloric acid, followed by washing, is very advan- 
tageous, particularly if the acid is used lukewarm at a concentration of from 
0 5' to 1 ° Tw This IS the case when an ash-free fabric is required The effect 
of an acid soak on the mineral matter is illustrated by the following example — 


. 

No 1 

No 2 

Ash in unginal yarn 

I’cr cent 

Per eent. 

1 n 

094 

Ash after snaking m water 

Ash after soaking m warm hydrochloric 

0 28 

0 27 

acid (1‘ Tw ) 

0 08 

0 1.3 


If an ash-free cotton be required, the proper course is to remove the mineral 
matter at the out.set, and not from the bleached goods as is commonly done 
The same remark applies to ramie, which is much used for incandescent gas 
mailt le.s 
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TRANSMISSION OF CLOTH— IMPREGNATION AND 
PLAITING. 

Transmission of Cloth. — The handling of cloth in its pasaage through the 
pruceas following Hiiigeing la usually effected in the “ rope " form, the method 
of treatment in the open width being, however, adopted when it is necessary to 
maintain a maximum width and avoid creases and distortion of the weft threads 
The latter jirocess is emjiloyed by some calico prmters, and is claimed to produce 
a more uniform result, both as regards regularity of the texture and colour 
Transmission in the rope form is more convenient, and tlie apparatus for boding 
and bleaching, etc , is cheaper and occupies less sjiace for a given output, and the 
results obtained satisfv practically all requirements 

The distinction between the open width and rope formation is that, whereas 

in the former the cloth is cither passed 
over rollers or wound and unwound in rolls 
or “ batches,” no attempt is made in the 
Litter to m.niitain the cloth in its original 
or open width, the ends being gathered up 
and threaded through glazed earthenware 
” pot-eyes ” (fig !)9) or guide rings, and 
Fio 99 — Pot-eyes m the course of its transmission in this 

form it IS soon subjected to a series of spiral 
twists. If such a rope be ojiened out at aiiv stage, it will generally be found 
that one selvage lies ahead of the others, so that the warp threads he 
diagonally between the two. This is remedied after the cloth leaves the croft, 
the cloth being opened out in a “ scutcher ” (see fig 100), and the weft threads 
straightened by the ajijilication of tension or drag on the leading selvage as the 
cloth IS led into the “ hrst tune ” water mangle at the commencement of the 
finishing jirocess Similar rectification is applied, if required, during subsequent 
processes, and there are aNo special apphances, such as the weft straightening 
machine and the jig stenter, whose functions are in a primary or subsidiary 
measure devoted to this end 

Recovery of Width — The recovery of width, always lost during a longi- 
tudinal stretching of the cloth is also effected during the finishing processes 
by a variety of operations ■which do not concern us at this point, but amongst 
which may be mentioned the scrimp rail and various forms of rotatory expanders 
developed from it, also the belt or clip-stretching machine, and the stenter 
Increase of wudth is also an effect incidental to the process of beetling. 

Transmission. — The method of transmittmg the rope from process to 
process is by means of washing machines (fig 101), winces, and pot-eyes The 
washing machine is essentially a pair of rollers surmounting a water beck or box 
piovid^ with means for agitating the cloth m its contact with the water. The 

m 
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roUeTS incidentally serve the purpose of drawing the cloth to the machine and 
through it The cloth is threaded and dragged through a series of glazed earthen- 
ware rings or pot-eyes which direct its course, being fixed in suitable number 
and conveniently disposed about the bleach croft to admit of any desired group- 
ing or “ runs.” The passage of the cloth is continued beyond the washing 
machine by means of winces or dnims consi'ding of six or eight wooden lags, 
mounted on the shaft by means of rings carrying peripheral lugs (fig. 102), to 
which the lags arc bolted. These winces arc driven so that their peripheral 
S])eed exceeds that of the washing-machine rollers by 10 to 15 per cent., and the 



Fio 100 — Scutcher 


transmission of the cloth over these is effected by the friction existing between 
the wince and the cloth This depends upon the arc of contact between the two, 
and on the tension ajiphed at the extremities of the cloth dnnng the contact 
If that on the delivering side be inadecpiate (us when a short end hangs over 
the wince and the other is detained by hand), the wince will not deliver. Hence 
to effect delivery of a free end (as to a stillage or kier) the dependent weight 
and therefore length of drop must be sufficient to effect the necessary driving 
power 

To increase the driving power of a wince one may increase the arc of contact 
by coiling the cloth completely round the wince, though this is rather apt to 
cause a mishap, unless the leading end be carefully guided. To meet the con- 
tingency of the cloth wrapping round the winces, which can cause bad damage 
very qmckly, the driving shafts should be controlled by fnction clutches to allow 
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of instant disengc^ement. Laps of cloth are sometimes trapped between the 
wince lags, so these are generally boxed in. The shafts should be well protected 
with paint to avoid rusty water dropping on to the cloth, and the hangers should 
be supplied with efficient oil-catchers Dirt stains are a frequent cause of 
trouble, and every means should be adopted to anticipate and prevent their 
occurrence. 

An automatic mechanism for preventing accidental damage to goods by 
trapping or lapping, when passing over a wince at a rapid rate, has been patented 



Fig i02 — Winrc 


by the Bleacher’s Association, Ltd (J Soc Dyers and Cal , 1922, p 301) A 
sectional end elevation is shown in fig 103 (1) represents the wince, (2) the 

material passing over in the direction of the arrow On an adjacent beam (3) 
are fixed two brackets (4), supporting a shaft (6). Two or more swinging levers 
(7) carry upon their upper and lower extremities respectively bars (8 and 9) 
with serrated or sharp edges The levers normally swing free of the fabric, 
which, if caught, swings the levers over as indicated by the dotted lines, the 
sharp edge (9) severing the fabric. 

Tension. — ^An important matter in the threading up of runs in a croft is 
the adjustment of suitable tensions, for, as the cloth is drawn through the pot- 
eyes by the washmg machme, there occurs the opportunity of efiecting the 




278 


BI.1SAOHINO AND riMlSHXNO OV COTTON. 


required stretch which must be imparted to the cloth to lengthen it This effect 
IS spread out through the senes of runs occurrmg between the vanous stages 
of the process But judgment is required to apply sufficient tension without 
damaging or fraying the (loth The longer and more numerous the runs, the 
easier will it be to produce the reqmred length , hut fading adequate length, an 
additional tension must be introduced by means of the pot-eyes, which must be 
placed so us to put frictional tension on the cloth A series of three adjacent 
pot-eyes fixed on adjustable brackets, at the entrance to the washing machine, 
for instance, may be employed to vary the tension imparted between this point 
and the hnal nip of the maehine , but the more rational position for such a 
device, and where the angular adjustment may be more moderate, is at the other 
end of the run feeding the machine, so that the stretch would be distributed 
over a greater length of material The frution applicable to the wince runnings 
IS limited by their driving jiower, and, in any case, that is not the right place 

to a])])ly abnormal tension, as the winces are 
suffitiently apt to fray the doth without addi 
tioiial induccmeni, so friction m that direition 
must be reduced to a minimum The prodm tion 
of an artifuial tension and its ajiphoation to a 
short length of doth are on the whole not to be 
recommended If the iroft be a short one, it is 
better to extend the runs artificially, theie being 
no serious objection to taking the cloth round 
corners, provided that a jockey roller be used 
at the bend between two pot-eyes The trans 
mission of light goods, having ( onsiderablc length 
in jiroportion to weight, may conveniently be 
run two- or fouifold, to expedite their hand 
ling The final subdivision is effected by separ 
atiiig two ends at a tune and luniiing these 
through two pot-eyes m the washing or squeezing 
machine, and allowing b feet or as muc h more 
as possible between these two pot eyes and that 
from which the bifurcation commences If the 
available distance be shoit, a dividing roller is placed between the pot eyes to 
assist sejiaration of the ends 

When a rope of iiiijnegnated or dirty cloth crosses the path of another run, 
the two must be parted by pot e> es or staves, and the one which is liable to 
damage by contact with the other run uppermost 

Tandem Running. — It is sometimes convenient to thread up a run, so that 
the cloth jiasses through two machines in tandem In such case the machines 
must either be geared to run at the same peripheral bowl speed (which is difficult, 
on account of the wear of the bowls), or a length of slack cloth must be allowed 
to sag betw een them to allow a margin of time for effecting relative adjustments of 
speed, or stopjiage without damage to this intervening length If the space for 
such an arrangement be limited, the sag may be accommodated by a compen- 
sating roller or weighted jocke> inilley sliding in a long vertical groove , but there 
can generallv be found some stillage to which the loop may be dropjied and then 
guided to the next machine through pot eyes If this be some distance from the 
machine, it is watched by a boy who gives the necessary signals to the machine- 
minders by means of a whistle used m accordance with a famihar code. Such 
means of rapid sigualhng between the plaiters and machine-minders is also 
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customary to give advance information of sucli occurrences during the passage 
of the cloth as demand special manipulation of the machines, in respect of knots, 
headings, ends, etc. 

Impregnation and Circulation. — Having dealt with the preparatory 
treatment of piece goods and their mode of transmission, we must now refer to 
certain characteristic appliances and operations for bringing the various liquors 
employed in the processes of boiling, bleaching, souring, and washing into most 
eflectual and uniform relationship with the cloth, and at suitable concentration 
and temperature 

As several of these operations are conducted with the cloth in bulk (t e. in 
a stationary .condition) and only the hquor in motion, it is necessary to ensure 
very uniform impregnation, packing of the goods, and circulation of the liquor. 

The treatment in bulk is confined to processes requiring some considerable 
time for their completion, and these stationary processes are alternated with 
others involving the motion of the cloth through washing machines in the manner 
already desenbed in connection with the transmission of cloth. The object of 
such intermediate or preparatory mutations of the cloth is either its washing, 
or its impregnation with the liquor wiHi which it is desired to saturate it, to 
facilitate regularity of treatment in a stationary process. 

Thus, by means of these processes, during which the cloth is transferred 
from one vessel and process to another, not only must the saturation of the 
cloth with the required liquor be rendered uniform, but the cloth must be freed, 
by washing, from the residue left m it as the result of the completed stationary 
process, and undesirable reactions between tbc successive reagents prevented. 

It 18, in fact, only in virtue of these intermediate mechanical washings, and 
occasionally through the superior degree of saturation effected by impregnation, 
that the stationary processes become practicable 

The machine most usually employed for either purjiose is that shown in 
fig 104 , which fully satisfies tlie requirements lor impregnating. The process 
of mechanical impregnation is adopted (I ) when the quality or state of the cloth 
renders it very impermeable to saturation, as, for instance, when manufactured 
with stout and closely woven yarn, and while the impurities are as yet unattacked 
and add to the difficulty of effecting saturation ; ( 2 ) when the liquor to be applied 
IB not a clear solution, but, as in the case of lime water, a thick turbid mixture 
containing large quantities of insoluble mutter held m suspension, to which the 
cloth would merely act as a filter if the method of gravitational circulation were 
applied without preliminary impregnation. 

Examples of the method of impregnation occur in the “ bming ” of cloth 
preparatory to the lime boil, and in the “ hme sour ” subsequent to this boil, the 
reason for the former jirocess being due especially to case ( 2 ) above mentioned, 
and resulting in the impression of the bquor and its suspended solids into the 
body of the cloth as it passes in sequence through the liquor and the rollers of 
the machine, which serve abke to transmit and squeeze the cloth. When liming 
by means of a washing machine, ihstead of the usual supply of water into the 
box of the washing machine (as its function is now that of impregnating), a pipe 
IS run from an adjacent tank in which the lime liquor is contained , the sediment 
18 stirred up with a paddle to produce a bquor of the consistency of buttermilk, 
more or less, according to the judgment of the bleacher and the strength of 
boil determined upon. Into this machine is fed a stream of water which causes 
an overflow of the milk of hme through the outlet pipe into the box of the liming 
machine. It is important that a sieve be inserted in this outlet to prevent the 
discharge of gnt and particles of unslaked lime. 




104 — Saturating madune 
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The agitation m the preparing tank must be maintained so as to yield a liquor 
of uniform consistency 

Sufficient agitation of the liquor in the liming machine is efiected by the swirl 
of the cloth round the wince rollers in the box ; and excess of liquor is squeezed 
out of the cloth at the final nip between the driving rollers as the cloth then 
passes to the kier. 

Impregnation preparatory to boiling in alkaline lyes is of less importance and 
generally omitted, as these percolate through the cloth without its having a 
filtering effect on their soluble constituents 

Impregnation with the bleaching and souring liquors is also sometimes 
effected, as above, m the washing machine (which in connection with such 
operations will be referred to as the chemicking or souring machine respectively), 
when the cloth is too heavy or closely woven to permit of ready penetration of 
the liquor by mere gravitational circulation, or it may be adojited in conjunction 
with circulation as an auxiliary treatment Otherwise the cloth is plaited down 
on a stillage to allow the liquor to complete the action which is only commenced 
111 the machine During the passage of the cloth through the machine the liquor 
in the box must be maintaiiied at a normal strength by the supjily of a constant 
trickle of concentrated liquor to compensate for the dilution (effected by the 
moisture brought in with the cloth) and extraction of lujuoi during its jiassage, 
an ofieratiori which is obviously somewhat difficult to regulate with accuracy 

A sjiecial instance in which souring is always carried out in the machine is 
the process which follows the wash out of lime boil, the object of which is to 
decomjiose the insoluble lime soaps prt^uced in the lime boil, dissolve out any 
residue of lime or other earthy substances present, and assist in the loosemiig 
of the colouring matters This process, occurring early in the routine, while the 
cloth would still offer considerable resistance to ordinary circulation, admits of 
thorough penetration and affords the best means for catrymg the above operations 
into effect 

111 all other jiroeesses than the above mentioned and that of washing, the 
cloth IS normally treated by the boiling, bleaching, and souring liquors tu gitv, 
and the motion is imparted to the liquor by various means ol circulation, though, 
as indicated later, a certain degree of motion is incidentally imparted to the 
cloth 

There are also exceptional cases in the treatment of cloth, even in the rope 
form. 111 which it is neither boiled nor bleached in a stationary condition, but run 
through the kicr or caused to traverse through the liquor, as described later. 
In all the stationary processes the first consideration is to get uniform percolation 
of the liquor through the cloth This is of additional importance m the case of 
boiling, because uneven boiling means uneven bleaching, and the worst and most 
ineradicable defects are those which arise from ineffectual treatment of the cloth 
m the earliest and most resistant stages 

Plaiting.— The first precaution favouring uniform circulation is the proper 
disposal of the cloth in the kier, etc This process of packing is termed “ plaiting,” 
and 18 the first step in a bleacher’s education. The cloth is fed into the kier after 
washing or impregnating, by means of an overhead wince, two ends being fed 
simultaneously, one to each half of the kier, and in its descent is guided by the 
plaiter (using a short staff for the purpose) into a senes of laps, with which he 
forms a uniform layer, conforming the same to the semicircular shape of his 
half of the kier, the same of course occumng in the other half and with cloth 
of a similar quality. This is repeated in successive layers, but with frequent 
changes in the direction of plaiting, so as to place laps in consecutive layers 
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crosswise, thus preventing entanglements and rendering uniform the obstruction 
offered by the cloth to the flow of liquor 

The plaiter is meanwhile treading down the cloth into a compact mass, 
8])ecial clogs with clean flat soles and brass nails being worn for the purpose, or 
else clean rags being wrapped round the feet When a coloured heading (or 
distinguishing mark) 0 ( curs at the end of a piece, the machine minders signal 
the plaiter for its ajiproach, and it is dealt with when it reaihes him, as indicated 
in the section treating of coloured goods Plaiting is sometimes effected without 
trampling, and from the top of the kier,asin the case of chemicking and souring, 
when a spray of liquor is pumped on to the cloth during its entry into the tank, 
or at the commencement of a boiling process, when the boihiig liquor is prepared 
and lies at the bottom of the kier 

Various attem])ts have been made to perform the operation of plaiting by 
means of automatic iiiechanisms, but without much success as regards the 
packing of the cloth for lioiliiig bleaching, or souring Examples of successful 
devices m connc'ctioii with piling on stillages, whifeboxes, etc , have been de- 
velopc'd, as in the case of the Edmeston Bent/ system It is also customary to 
effect the delivery of clotli in the o])en width troni scutchers, mangles, etc , m 
laps or folds, bv the enqiloyineiit of a mechanical plaiting device, which impaits 
a wave like motion to the descending cloth, whereby it dis])oseb itself in a series 
of folds IIS it leaclies the receptacle into which it is being fed Such a device is 
seen vn the lower portion of fig KW, and in other illustrations 

A sjietial method of arr.ingmg the folds of cloth in the rope form, in a kier, 
IS described in connection with the Thies-Her/ig sjsteni (fig 110), m which the 
cloth IS fed through a tube, the delivenng end of which is guided m a s>stemdtic 
m inner within the kiei during packing, and as tlie cloth emerges from this tube, 
it disposes itself into a scnc s of vertical folds, ns mdu ated thus mw 

A smiilHi pniu qile is involved in Eng Pat ld(>71 i, 20th February 191*) The 
goods are fed in icqic foiiii, together with the lye, throiigli a hollow tiunk of 
metal into the kiei The trunk is hinged and jiivoled to a me til bo\ casting 
and rec eives a rec ijiroc ating motion lengthwise to the kiei, and also a transverse 
oscillating motion The speed may be varied at will Thorough impreguatiou 
and regular ]iiicking are thus ensured lu Bug Pat 137947, 5th March 1919, a 
hollow plaiting arm is used with rollers at the end 
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The goods are now ready for the next process, viz. the lye boil or bowking 
operation, which is the most important of all It may be said, without reser- 
vation, that good lye boding is the foundation of successful bleaching Faults 
of omission or commission made in this process cannot be rectified subsequently, 
except by repeating the whole operation from the beginning No effort should 
be spared to make the lye boiling complete. Badly boiled or incompletely 
“ bottomed ” cotton is not only a source of trouble to the bleacher, making the 
subsequent processes mure difficult, but is a frequent cause of complaints and 
claims for damages The lye boil consists, briefly, of boding the cotton with a 
solution of an alkali m order to change the impurities other than the natural 
colouring matters into soluble compounds which can be washed away by means 
of water. These changes arc — 

1 Saponifiable oils and waxes are converted into soaiis. 

2 Proteins are hydrolysed into soluble degradation products 

3. Simpler amino compounds are dissolved or hydrolysed to ammonia 

4 Pectose and pectin are changed into soluble salts of pectic or metapectic 
acid 

5. Mineral matter is dissolved. 

6 Unsaponifiuble oil is emulsified by the soluble soaps formed from the 
saponifiable oils 

7. Dirt forms colloidal adsorption compounds with the soap, or is removed 
mechanically by the process of pedesis 

8 Dressing and sizing materials, such as starch or glue, are changed into 
soluble compounds. 

The boibng process is carried out in specially constructed vessels termed 
kiers. These may be either open or loosely covered, in which case the liquor 
boils at atmospheric pressure, or closed, hke a Papin digester, when the liquor 
boils at a temperature corresponding with the steam pressure 

Only dilute solutions of alkalis can be used These saponify fats very slowly 
when boiled at atmospheric pressure. At temperatures above 100° 0. the rate 
of saponification is much greater. Hence closed kiers in which the temperature 
can be raised are generally used. The heating is accomplished, as a rule, by 
steam pipes or by live steam, and some mechanical and automatic method for 
maintaining circulation of the boiling liquor is always provided. 

Kiers will be described fully in the following chapter. 

Two systems of lye boihng are in general use, viz. (a) the lime boiling and (6) 
the soda boihng. 

The former, or “ hme boil,” is the older. It is used chiefly in the Lanca- 
shire trade, and particularly for heavy goods. The latter, or “ soda boil," is 

283 



284 


BUSAOHIKO FINISHUra OV OOTTOK. 


used for fine goods, such as nets, curtains, and yams. The lime boil cossistB 
of several distinct processes. The goods are impregnated with milk of lime 
and packed in a kier, which is then filled with milk of lime After expelling 
all the air the lid is screwed down and Idle lye is heated for some hours at a 
pressure of about 20 lbs. This converts saponifiable oils and waxes into insoluble 
calcium soaps , pectoses and pectins are hydrolysed to pectic acid, which then 
forms insoluble calcium pectatc , proteins and amino compounds are hydrolysed 
and dissolved, while tannic acid, if present, would be converted into insoluble 
calcium taunate. Mineral impurities are not affected much. After boiling, 
the goods are washed well with water to remove all the soluble constituents. 
They are then soaked in dilute sulphunc or hydrochloric acid of about 2° Tw. 
strength This decomposes the calcium soaps and pectates, giving soluble 
calcium sulphate or chloade, while the free fatty and pectic acids are left on the 
fabrics If calcium tanuate were present, the tannic acid formed by its decom- 
position would pass into solution. The excess of acid, together with the soluble 
products of its action, are now washed away with water. The washed goods 
are then boiled again, but this time with a sulutioii of sodium carbonate ^me 
rosin soap is generally added also Both fatty acids and pectic acid are readily 
dissolved by a hot solution of sodium carbonate, and can now be removed by 
washing with hot water The milk of hme is made by grinding lime (56 lbs ) 
with water (100 gallons) and passing the mixture through a fine sieve The 
Tosin soap is made as required, by boiling rosm (10 lbs ) with either sodium 
hydroxide or sodium carbonate (35 lbs ) and diluting the solution of rosin soap 
proiluced with about eight times its volume of water 

In the soda boil the goods are impregnated with a dilute solution of 
sodium hydroxide (approximately 2 per cent ) and packed m the kier Bufficicnt 
of the sodium-hydroxide solution is added to cover the gooiis. After expelling 
the air, the lid of the kier is screwed down and the liquor is heated for some hours 
to a temperature of about 120° to 130° C. In this ease the saponifiable oils are 
converted into soluble soap, the pectins into soluble sodium metapectate, the 
proteins and amino compounds into soluble degradation products , much of the 
mineral matter is also dissolved In fact, all the impurities other than the 
natural colouring matters are rendered soluble, and can be removed completely 
by the thorough washing with water which follows the boiling. 

The lime jirocess, as stated above, is used chiefly in the Lancashire district, 
and, in particular, for the “ full white ” or “ madder ” bleach, when the most 
thorough bottoming together with avoidance of overbleaching is demanded. 
The soda process is more suitable for fine goods which might be mechanically 
damaged by the milk of lime It is also simpler to carry out, involving fewer 
processes Except in the cases named it is gradually replacing the hme-boiling 
process. 

The relative merits of the two methods have been the subject of much dis- 
cussion, and the definite superiority of either is not conclusively established. 
It IS not clear wherein the advantages of the lime boil he, having regard to the 
extra processes involved But many experienced bleachers are convinced of its 
Bujieriority , m fact, this belief is one of the most interesting features of the 
Lancashire trade Among the advantages claimed is that the goods do not come 
into contact with sodium hydroxide, and hence the danger of mercerisation 
and shrihkage is avoided. Calcium hydroxide does not produce these effects. 
Moreover, \the presence of calcium hydroxide is said to protect Cotton from 
mercensatidn. For example, in the Thies-Herzig process the cotton is first 
impregnated^ t^ith a solution of calcium or magnesium chloride. It is then 
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boded with sodium hydroxide. It is claimed that strong solutions of caustic 
soda may be employed without causing shrinkage or mercerisation. The first 
action of the sodium hydroxide is to precipitate calcium or magnesium hydroxide 
in the goods — 

MgCls+2NaOH=Mg(OH)g+2NaCl. 

According to Gcorgevics (Chemtcal Technology of Texttle Fibres, p. 69), the goods 
are first steeped in a “ sour ” containing 1 per cent of 60 per cent sulphuric 
acid, or 1'6 per cent, of 30 per cent, hydrochloric acid, together with 0-005 
per cent of 75 per cent, hydrofluoric acid. The reaction is accelerated by 
warming the bath or by steaming the goods, when they leave the cold bath, for 
thirty seconds After washing, the goods are steeped overnight m a 0-5 per cent 
solution of sodium hydroxide. They are then passed into a U-005 per cent, 
solution of magnesium chloride, and then through a wringer into the kier, where 
they are boiled with a 5 to 7 per cent solution of sodium hydroxide. The 
solubility of magnesium hydroxide m water is about 1 in 50,0(X) A later 
development of this process has been noted under “ Plaiting,” and will be referred 
to again in connection with kicrs 

This process, although of interest m itself, can hardly be regarded as evidence 
in favour of the lime boil, since if the souring process be carried out properly 
no calcium nor magnesium salts are present in the washed cotton Further, 
calcium or magnesium salts would be converted into insoluble carbonates when 
brought into contact with sodium carbonate. That the likelihood of mercerisation 
and shrinkage is small in the lime-boiling process is due entirely to the fact that 
sodium carbonate is used after souring If this contains sodium hydroxide as 
an impurity the advantage disappears On the other hand, if dilute solutions 
of sodium hydroxide are used intelligently, the shrinkage produced is very small. 
Excessive shrinkage and local mercerisation does often occur, but, generally, as 
the result of unintelhgent methods An example may be given. Excessive 
shrinkage and local mercerisation, accompanied by distortion of pattern, were 
traced by the author in one case to be due to the following cause . A few 
bucketfuls of concentrated caustic soda solution of mercerising strength were 
put into the bottom of the kier The goods were then packed and the kier 
filled up with water. When the boiling commenced, the concentrated sodium- 
hydroxide solution was ejected by the puffer pipe on to the goods before it 
became diluted Immediate shrinkage and mercerisation occurred. When proper 
precautions were taken to prevent this concentrated alkah from coming into 
contact with the goods the trouble ceased 

Many bleachers think that they can get a better finish on goods that have 
been boiled with lime than on those treated with sodium hydroxide. This 
again is rather an assumption, being only true when a harsh feel is not only 
no objection, but is actually desired It is claimed that the lime boil removes 
the cotton waxes more completely than the soda boil. Thus Higgins {Bleaching, 
p. 40) says . “ Lime boihng is not a mere survival of the days of empiricism ; 
it is the best treatment for some classes of goods, for the figures given above 
show that it IS the best means of removing waxes from the fibre.” The figures 
referred to were obtained from experiments by Higgins on linen cloth and yarn. 
When boiled with lime the residual wax was 0-046 per cent., while with sodium 
hydroxide it reached 0-16 per cent. The supposed- superiority of the lime boil 
IS due to -the fact that after the sour the free fatty acids and unsaponifiable 
matter are intimately mixed on the fibre. When these come into contact with 
sodium carbonate, sapomfication of the former and emulsification of the latter 
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take place both rapidly and completely On the other hand, the complete 
bottoming which can be obtained by a properly conducted soda boil is indis- 
putable The author has examined many samples of soda-boiled goods which 
contained only traces of either fat or nitrogen, and less than 0'05 per cent 
of mineral matter A number of expenments showed that in every case the 
loss of impurities due to lime boihiig was less than that caused by soda, even 
when hydrochloric acid was used for decomposing the lime soaps When 
suljihuric acid was used the lime left in the fabric was very considerable, 
amounting in many cases to as much as 0 52 per cent This is partly present 
as lime soap, partly as carbonate and unremoved sulphate The following 
table gives the results of some parallel tests made on the same cottons The 
figures rejircsent percentages found in the cotton after boihng 
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Lime Boil 
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The saponifying power of calcium h^droxlde is rather remarkable At 
(iTst sight it would seem that sime the calcium and msgnesium soaps are 
insoluble in witer sapomhe ation would proceed very slowlv , but, ns a matter 
of fii(t, this IS not the case The same thing has been observed in the ease 
of limed skins in which it is found that saponification takes place at ordinary 
atmos]iheri( temjientiires 

The advocates of the lime boil hold that the prelimiiinry impregnation of 
the goods with milk of lime favours the setting up of a number of centres of 
chemical activity But ojiposed to this view is the fact that strontium hydroxide, 
which IS more soluble than calcium hydroxide, saponifies fat more readily , in 
fact, sapoiiiticalum must proceed more rapidly when the saponifying agent is 
completely soluble, like sodium hydroxide Weiss {J S C I , 1919, 715a) states 
that strontia sipoiiifles oils three times as quickly as lime, and gives a better 
colour to the goods He suggests using a liquor containing 20 grammea of 
strcintiiim hydroxide, Sr(OH)^8HgO, per litre, or a mixture of strontium and 
sodium hydroxides 

The danger of producing oxycellulose is not lessened by the use of lime In 
fart complaints of tendering are more common than where the soda boil is used 
These are, however, due yiartly to local burning owing to careless slaking or the 
use of unsuitable lime If any incompletely slaked p, articles become entangled 
in the goods they commonly cause trouble Lime which contains magnesia 
slikcs very slowly, and in such cases unslaked particles may pass through the 
sieve 

The lime-boiling process is said to cost less than the soda boiling, but with 
regard to this, the additional coal and labour must not be overlooked Moreover, 
the soda process is certainly quicker, and the question of time is often an im- 
portant one Goods are sometimes received on one day, and must be bleached 
and delivered on the next In such cases the use of the lime-boiling process 
would be out of the question 
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Again, for all cotton matenah which from their nature present difficulty in 
handling or mechanical washing, the shorter process is always better, while such 
goods as cops, cheeses, warps, loose cotton, sliver, etc , present the greatest 
difficulty to impregnation or boiling with lime 

The use of rosin in the soda ash or sodium-carbonate boil is an essential part 
of the lime process Bosin soaps, as elsewhere indicated, have very marked 
lathering and detergent properties, but their use demands very thorough washing 
with soft water, if good colour is to result in the finished goods In the opinion 
of the author the use of rosin in any form is objectionable in the case of fine 
goods, or those requiring a perfect white 

The effects produced by hard water in conjunction with rosin soaps have 
already been referred to (We Chapter XI , p 197). With hard water it is almost 
impossible to completely remove these soaps, and very small quantities of 
calcium or magnesium resinates will deleteriously affect the colour of fine cotton 
goods Experiments made by the author and others have proved that, even 
with distilled water, it is difficult to remove rosm soaps (omjdetely A senes 
of tests made under ideiitual conditions proved conclnsivelj that in no case 
was the colour so good when rosin was useil (Trotman, J 8C 1 , 1905, p 267) 

Jackson (Cantor ]>ccture, 19(J7) confirms these results He made a large 
riiinilier of tests under striftlj comparable conditions »itli maiij soaps free from 
Rism, and with soips siraihr in other respects, but containing varying properties 
of Tosin He found that goods washed with the Istter beeume c oloured When 
the washing was repeated the colour gradually increased, and it was not a 
matter of opinion, but an indisputable fact The difference was quite noticeable 
even when the rosin did not exc eed 5 per cent of the total ac ids in the soap, and 
the higher the jiercentsge the more marked was the eftcit In this lecture he 
was sjieaking mainly to launderers, but his exjienence coiniides with that of the 
author and other observers 

In connection with the ash boil used in the lime process the use of “ assistants ” 
IS very common These are used under various names, rresolate of soda being 
very common They are supposed to assist the ash in its work These bodies 
are gener.ill) emjiloyed without any exact knowledge of their composition, and 
nLinv of them are simpl} disguised soda or carbonate of sodium The following 
anal} SIS of a “ soap substitute ’ illustiates this point — 


ISoclium carbonate 

2'>70 

Sodium sibcfl^ 

260 

boap 

1 60 

Neutral salts 

7b 26 


In general, it may be regarded ns undesirable to make use of assistants whose 
comjiosition and method of action are unknown Readily saponifiable oils, such 
as castor oil, are employed also, and are often useful By the formation of 
soap they assist both penetration and emulsification, and arc thought to pro- 
tect the fibre from access of oxygen Sulpbonated oils, such as turkey red oil, 
are still more effective than castor oil 

Well boiled cotton should contain only mere traces of nitrogen , not more 
than 0 10 per cent of fatty matter, including wax, and but little mineral matter 
There is no difficulty in removing the nitrogenous impurities Higgins has 
shown that m the case of cotton either t}pe of lye boil should remove protein 
nitrogen completely, the unremoved residue being associated with the colouring 
matter Enecht and Hall {J Soe Dyers and Col, 1918, p 220) state that the 
soda boil removes 80 per cent of the total nitrogen, and that afta bleachmg and 
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Houritif; 5-8 per cent of the total nitrogen still remained Higgins {J Soc 
Dyern and Col, 1919, p 165) agrees, but says that this cannot be protein 
nitrogen, since it does not give the chloramine reaction There is more 
difficulty in the case of oil and wax Hebden {J Ind. Eng. Chem , 1914, p 714) 
found that 64 per cent of the total was removed during soda boiling Kneeht, 
Higgins, and others have also shown that neither process removes these bodies 
completely This point will bo referred to again The pectoses and pectins 
should bo removed completely, and over 90 per cent of the mineral matter 
also 

The imfiortance of the lye boil being so great, it is very necessary to under- 
stand something of the factors which determine ite success 

The conditions necessary to ensure a satisfactory boil are — 

1 The use of suitable water 

2 Good packing and circulation in the kier 

3 Absence of air and oxygen 

4 The presence of sufficient alkali 

5 The complete removal of the lye immediately after the Imil and thorough 
washing of the boiled goods 

6 The absence of direct contact of the goods woth steam pipes 

7. Purity of the reagents used. 

8 Cleanliness of the kier 

Water used in Lye Boll. — This should be as soft as possible If hard 
water be used, it will, in the presence of sodium hydrate, form lime and magnesia. 
These will m turn fix their equivalent of fatty acids as insoluble soaps in the 
fabrics, and the latter can only be removed by decomposition with acid The 
damage caused by lime and niagne.sia soaiis has already been referred to 
(Chapter XI ) 

The following is a concrete example Two equal quantities of cotton were 
boded with caustic soda solution, the solution being in one case made with 
distilled water, and in the other with water containing 40 parts of hardness per 
1(X1,()(K) At the end of four hours the fat removed was estimated The results 
showed that in the first ease 23 per cent more of the total fat had been removed 
Goods blenehed with hard water can always be detected by estimating the fat 
and soaking in acid, washing, drying, and extracting the free fatty acids. It 
is by no means uncommon to find as much as 0-3 to (Jtb per cent, of fatty acids 
as soaps There is no doubt that soft water is far better than merely softened 
water, since many neutral salts, such as sodium chloride and sulphate, if present 
in liny quantity, have a retarding effect on saponification. This point will be 
returned to again later 

Freedom from iron should be ensured both m the original water and con- 
densed steam, where this is used Very small quantities of iron are sufficient to 
cause loss of pure colour. It has been proved that discoloration may be caused 
by as little as 0-05 grain jier gallon 

The importance of circulation has already been referred to In the soda 
boil it can hardly he overestimated Experiments have shown that the rate of 
saponification of oil by means of caustic alkali depends very greatly upon the 
velocity of circulation The lye tends to become weakened m contact with the 
goods, and, if the circulation be faulty, it is not rapidly replaced by fresh liquor 
The effect of this is that, after a time, the rate of saponification diminishes and 
the goods are incompletely scoured. Most kiers contain some form of apparatus 
for ensuring continuous circulation. Among these are spreaders or puffer pipes. 
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mjeotora, centnfugal pumps, the use of a vacuum, etc. These will be referred 
to again when dealing with kiers. 

Packing of Goo^ in the Kier. — ^The method of parking has been fully 
descnbed The goods should be so arranged that spaces in which steam or air 
could collect cannot be formed between the layers, since this is a frequent cause 
of overheating and causes mechanical stress sufficient to break fine goods. The 
closer the goods are packed, the less likely this is to happen ; but close packing 
emphasises the importance of good circulation. If the packing be uneven the 
liquor will tend to circulate freely through the loosely packed portions, following 
the hue of least resistance and leaving the tightly packed goods, which offer 
greater resistance The saturation of the goods previous to plaiting has already 
been described. Care must be taken that the goods are completely immersed in 
the soda solution and that no steam pipes come in contact with them. Neglect 
of these precautions causes incomplete scouring or local damage from burning. 

Absence of Oxygen.^ — This is perhaps the most essentml condition for good 
soda boiling. We have already seen that although dilute alkaline solutions have 
no action on celluloses m the absence of air, they readily attack them in the 
presence of oxygen, forming oxycellulose The formation of oxvcellulose means 
destruction of tissue and consequent tendering Moreover, a fabric containing 
oxycellulose often develojis a brownish tinge on keeping Air is sometimes 
present owing to bad packing or imperfect impregnation of the goods The 
tendency to oxidation is perhaps increased by the power which cotton has of 
absorbing gases. Bowman states that it is capable of occluding seven times its 
volume of oxygen. Air not only causes oxidation, but, expanding on heating, 
produces air-bubblcs, which protect the cloth from the action of the lye 

The most usual method of getting rid of nir m a boiling kier is to keep the 
air or safety valve open for a short time after commencement of the jirocess, or, 
when sufhcient steam is up, to create a slight pressure, to observe the colour of 
the jet which issues from the outlet pipe When air is coming out with the 
steam the gust acquires a blue tinge, ami when this ceases the valve may be 
closed Another method is to enter the liquor from below the cloth, thereby 
carrying upwards bubbles of air imprisoned ui the cloth Considerable damage 
and loss have been incurred in many works employing the low-pressure lime boil 
through nothing but access of air to the cloth when there is an insufficiency of 
liquor, or when the cloth rises uj) in the kier and becomes cxjiosed to the air. 
Such damage is always moat apparent at the sides and top , but the flow of 
liquor, when the top of the cloth is not flooded, appears to draw down into the 
cloth a quantity of air which attacks a considerable number of layers 

The moat effective remeily is of course to have sufficient liquor to start with 
which IS difficult in view of the subsequent condensation of steam But eve’ 
then It IS better to lose some liquor later on by overflowing and start with plenty, 
even at the cost of the extra lime employed. The cloth should be well weighted 
to prevent its floating, and the sides and top covered with sheets The aeration 
of the discharge from the jmffer pipe may be diminished by putting a sack over 
it, but this device is also employed to direct the discharge towards the centre of 
the kier when required, and to prevent splashing, and must not he made use of 
to the extent of robbing the outer area of hquor. A light cover spanning the 
top of the kier is a good safeguard against air, as the space enclosed is then filled 
with steam. All these troubles are avoided in the pressure kier. 

In connection with the foregoing remarks about the danger caused by access 
of oxygen, it is interesting to note that in one system of soda boiling, the pihng 
of soda-saturated goods overnight is actually recommended, stress being laid on 

19 
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the fact that bleaching aetion proceeds during the night Of course the danger 
of forming oxycelhilose is minimised bv the low temperature, but the tensional 
effects referred to cannot be absent It would be a good practice to de-aerate 
the water used for lye bfiiling by means of a little sodium hydrosulphate 

Removal of Lye in the Absence of Air. — After the boiling, the hot lye 
should be run off and the goods should be washed, so far as is possible, in the 
kier, and not exposed to the action of the air until they are nearly free from 
alkali and thoroughly cooled The incomplete removal of soda before the goods 
are removed favours, of course, the production of oxycellulose ; but it is also 
objectionable for another reason. If cotton be left exposed to the air, in contact 
with a weak solution of caustic soda, this will gradually become concentrated 
by evayioration, especially if the solution was hot at the start In this way the 
lye will ultimately reach the concentration necessary to exercise a mercerising 
effect Mercerisation is accompanied by shrinkage In the case of goods, like 
lace curtains, containing a lightly made pattern, these -jiatterns, being unyielding, 
offer a considerable resistance to the shrinkage, and thus tension results The 
bobbin threads being much finer than the remainder are often unable to with- 
stand this tension, and consequently break Even if they do not break, con- 
siderable distortion of pattern often results This may be caused by lifting the 
lid of the kier, and leaving the goods exposed to get partially dry, instead of 
washing at once (vtde Trotman and Pentecost, J SC 1 , 1910, p 4) 

Mercerisation caused by introducing concentrated lye into the bottom of the 
kier has been referred to on ji 285 Thorough washing is not only necessary to 
completely remove the lye, hut to carry away nil traces of impurities rendered 
soluble by the boiling In the absence of thorough washing some of these will 
be left in the fibre and become ro-jireoipitnted as fatty acids, yiectic acid or protein 
in the later jirw esses The results thus produced are indistinguishable from 
tho.se of an imjierfeot bod Owing to the tena< ity with which sodium hydroxide 
clings to cotton, it is, however, quite sufficient to wash until the cotton has no 
longer an alkaline reaction 

After conqiletion of the hod the goods should never be allowed to cool off 
in the lye Higgins (,/ Soc Dyers and Col, 1912, p 151) showed that during 
cooling some of the impurities removed by the hot lye were reabsorbed by the 
cotton 

Presence of sufficient Alkali.— Although the concentration of the soda 
solution may vary between certain limits, it should bo regular in oomposition 
Too weak a solution will prolong the time necessary for a complete boil, and if 
too strong it may cause undue shrinkage it may be remarked in this connection 
that the practice of determining its strength by means of a hydrometer is ex- 
tremely crude and fallacious. The hydrometer value assumes that everything 
in solution is soda, or that the impurities arc always constant in quality and 
ijnanlity t’austic soda, as we shall see later, is liable to variation in strength 
and to contain carbonate of soda and other iinpiirities, none of which can be 
indicated or measured by the hydrometer 

The estimation of caustic soda and carbonic by means of a standard and 
solution does not occupy much more time than the use of a hydrometer, and 
gives results upon which rehance may be placed. 

In using a hydrometer the liquor mUst first be brought to a temperature of 
15° C , for which the instrument is graduated Either the Baum6 or Twaddell 
hydrometer may be used. The relation between the readings of these is given 
later. 

In addition to the quantity of alkali in the lye, it is necessary to have a 
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snffioient volume present to completely cover the goods and saponify or render 
i^luhle all the grease, albuminoids, etc The quantity vanes areording to the 
process used and the effert desired, but it is generally between 2 and 5 per cent 
of the weight of the fabrics It must always be sufficient in volume to admit 
of adequate circulation through and complete saturation of the goods Any 
quantity used m excess of these requirements entails waste of chemicals, unless 
the lyes are collected and used again a course of action generally to be avoided. 

The necessary quantity having been weighed, it is dissolved in water sufficient 
to make the Ive of the desired concentration and to completely cover the goods 
to be treated According to Tailfer, the projiortion of fiO gallons of lye for each 
J(K) lbs of goods should not be widely departed from 

The solution of caustic soda or potash in water presents some difficulty, as 
it is apt to cake if simply dropped into water, and it then dissolves only very 
slowly The best plan is to suspend it in the water in a cage ot wire gauze which * 
is sufficiently hue to jirevont the solid from escaping It can also be dissolved 
in a small quantity of hot water with stining, aiul afterwards diluted. Both 
caustic soda aiuI potash contain a good many insoluble impurities which either 
rise to the surface or settle according to the specific gravity of the solution 
These should be removed before use This is readily' done li the soda solution 
IS always prepared in a separate vessel or tank 

The volume ol liquor to be onginally introduced to effect suitable concen- 
tration depends also upon the accession of condensed steam which occurs during 
the process, when the heating or circulation is effected by live steam Not only 
does this steam condense and decrease the strength of the liquor, but it may 
also inijMur the efficiency of the circulation, causing the goods to float and even 
prolrudc from the kier For this reason, when steam pressure is low and the 
ratio of volume of steam to heat content is high, the bleacher is tempted to 
eonimence operations with a volume of liquor which is insufficient to produce 
thorough circulation and saturation until a sufficient quantity of condensed 
steam has accumulatod, so that he may not be embarrasBcti by too great a volume 
of liquor at a later stage 

Temperature of Lye Boiling.- The rate, of saponification depends not only 
on the circulation in the kier, but also upon the temjicrature In open kiers the 
tcnijieriituTc can never be above the boiliiig-juiint of the lye emivloyed, which 
will be ajqiroximatelv ](Xl" 0 By boiling in closed kiers under pressure the 
tenqieratiirc is corres]iondingly increased and the time necessary for sajiom- 
fication and solution of the albuminoids decreased. The temfierature emjiloyed 
vanes from 1(K)° to 13')° (’ The pressures corresponding to tliese temperatiires 
are given in the following table — 


PrpHMurc in 
Atmiispheres 

Temperaiurr 
of Stoam 

1 00 

100 00 " r 

1 20 

106 .33° c; 

1 50 

111 33° a 

1 75 

116 50° C 

200 

120 64° C 

2 25 

124 39° C. 

2.'i0 

127 33° C 

2 76 

130 98° C 
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130° 0. may be considered as the maximum temperature which cotton will safely 
stand. If heated above this point, it gradually becomes brown in colour owing 
to incipient decomposition. 

The Purity of the Reagents used. — This is a factor which exercises a 
greater effect than is generally recognised. Although caustic soda and sodium 
carbonate are readily obtained in a state of approximate purity, yet they some- 
times contain distinct quantities of chlorides and sulphates, of alumina and 
iron One comes m contact with so many cases of incomplete boiling where 
apparently the conditions have been favourable, that one is sometimes forced 
to the conclusion that some bodies must have been present which exercise an 
inhibiting effect on the sajiomfication of fat and the solution of proteids and 
pectins Certain effects of neutral salts have already been mentioned in connec- 
tion with water and water softening. The following experiments (Trotman, 
S.C 1 , 1910, p 249) show the retarding action which they have on the soda 
boil. A constant dry weight of cotton was boiled with a definite volume of 
2 iier cent pure caustic soda under an inverted condenser with and without 
the addition of the neutral salt The cotton was then thoroughly washed with 
distilled water, lined and weighed, and the percentage loss determined The 
same cotton and aorla solution were used for each set of experiments. The 
following results were obtained, the figures representing percentage loss on the 
dry weight - 


Effect of Eodium Chloride 


Cotton ami pure cauHtic soda 

„ caustic soda containing 013 p<‘r cent sodium t blonde 
t» f* i» H 30 ,, ,, 


Peiccntagp Loss 
4 47 
. 4 08 

3 08 


Many lyes contain more than this amount of sodium chloride 


Effect of Sodnnn HvlphcUe 


edition and pine caustic soda fl 7.5 

,. caustic soda containing 0 146 per cent NajSO, 6 33 

.. >. .. 0 292 „ ,. 6 14 

,,0338 „ ., .r, 9,5 

,. , „ 0 584 ., „ .5 85 

, ,. 0 730 .. „ .5 76 


In tins case the residual fat and mtrogen were determined .with, and without, 
the addition of sodium sulphate, and were found, as was expected, to be greater 
when sodium suljihatp was jiresent. 


Effect of Ahtmina. 


Cotton and pure caustic soda 

, caustic Soda containing 0 035 per cent AI,0, 


0 070 
0175 


Percentage Loss 

5 20 

6 15 
5 09 
4 63 


These results tend to show that very small quantities of alumina are sufiBcient 
to retard the action of the soda A second set of experiments made with potash 
alum gave still more marked results — 


Percentage Loss. 


Cotton and pure caustic soda . ... 

„ caustic soda containing 0 166 x>er cent, crystalline alum 




»» 


0 332 
0 49S 


»» »» 


600 
4 88 
4 26 
4 06 
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Effect of Iron — The effect of iron was even more marked than that of 
alumma — 


Cotton and pure caustic soda . 

„ caustic sods containing 0 0057 per cent Fe 


Percentage Loss 
5 38 
4 74 


Effect of Zvnc Sulphate . — Zinc compounds are often used as antiseptics or 
for weighting, and hence are often present in the lye 


Cotton and pure caustic soda 

„ caustic soda containing 0 033 per cent ZnS047il,0 
,, ,, ,* 0 060 „ „ 


Percentage Loss. 
620 
499 
4 86 


Effect of Calctum Sulphate 


Cotton and pure caustic soda . 4 54 

„ caustic sods containing 0-049 per sent Ca8U4 4 32 

II It II 0 06 „ „ 4 17 

I. .. 0 08 .... 3 84 

II f, II 0 10 II II 3 b 6 


It IS evident from these results that in the absence of neutral salts the time 
necessary for a complete boil is considerably shortened These experiments 
seem to show that hydrochloric acid should always be used for souring after the 
lime boil owing to the greater solubility of calcium chlonde 

The importance of the use of the best materials is also emphasised by Cross 
and Bevan (J S C I., 1889, p 262), who conclude that wherever caustic soda is 
used in the arts as a hydrolytic agent the maximum of chemical work is obtained, 
cetens panbus, with the minimum of impurity in the reagent. 

The relative efficiency of pure and impure (commercial 60 per cent ) caustic 
soda was tested by experiments upon esparto Equivalent quantities were used 
under exactly similar conditions The pulp obtained from the pure soda con- 
tained 88 per cent of cellulose, while that from the 66 per cent, soda gave only 
77 per cent The external characters of the pulps and their behaviour on bleach- 
ing corresponded with the difference thus proved in favour of the former. 

The effects of neutral salts were also mvestigated with esparto The addition 
of sodium chlonde and sulphate was found to cause a considerable deterioration 
in the quality of the pulp The composition of the 60 per cent soda used was 


NaOH 

71 08 

Na,CO, 

8 22 

Naa 

8 47 

Na,S04 

2 38 

Na,SO, 

3 34 

A],0, 

2 78 

Fe,0, 

0 18 


If this product be bought at the same price, pro rata, as the pure product, it 
shows a considerable iiercentage “ discount of value ” in view of the above 
facts. 

The sample, according to Cross and Bevan, would show by the ordinary 
alkali test about 61 -66 per cent, of alkah. It only contained 60-72, giving a 
difference of 0-94 per cent. Since carbonate of soda only has about half of 
the chemical activity of sodium hydrate, a further reduction of 2-40 per cent 
must be made. To this must be added the retarding action of the salts and 
alumina. To counteract the whole of these impurities, at least 5 per cent, more 
alkah will be required. Thus we have a total loss of 8*24 per cent. 
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Higgins (BUachmg, p 31), referring to these facts, says . “ These observations 
point to the importance of washing the cloth well after a sour steep, and also 
indicate the advantage of using pure chemicals By means of steeping before 
scouring many of the impurities of the grey material, which are now known to 
afiect the boiling process, are removed, and, perhaps, for the first time we have 
an explanation of the fact that the steep is found advantageous in so many 
cases ” Starch is also known to have a retarding effect upon the action of the 
lye boil 

Absence of direct Contact of the Goods with the Steam Pipes.-- In 

all well-constructed kiers this is provided against The goods frequently become 
burnt through direct contact with such pipes 

Cleanliness of the Kier.— This is as important as cleanliness jn the other 
processes. The sides should be frequently scraped, washed, and lime washed 
In kiers used for lime boiling, the deposit of lime must not be allowed to accumu- 
late on the walls to the extent of causing rough jirojections which would fray 
the goods as they move up and down This is probably a cause of “ shot-holes,” 
though these are variously ascribed to the action of steam attacking the cloth 
through the false bottom, and to bad circulation due to hard places caused by 
irregular plaiting As the identical effect has been discovered on cloth that 
had passed through a mangle in which one of the bowls had a transverse motion 
owing to worn pedestal necks, the friction theory is at least jiluusible Mean- 
while, shot-holes remain a menace, and are an inducement to attend to rough 
dejiosits” in the kier The reduction of lime deposits is assisted by alternating the 
lime ami soda ash boils in the same kier 

Completeness of Boil.— If from any of the causes indicated above, whether 
too weak a lye, insufficient time or circulation, or deposition of soa))s, the goods 
are not thoroughly bottomed, the remaining operations are bound to be un- 
successful The whole object of the boil is to render soluble and remove the 
greases and waxes, albuminoids, etc Not only does bleacliing jiowder not 
touch these, but their presence protects the cotton from its action, and in some 
cases they form actively deleterious compounds with chlorine or hyjiochlorites 
Thus, if the wax be not comjiletely sajiomfied, it remains as an imjienetrable 
coating on the fibre and jirotects the colouring matters from the action of the 
cheraic 

The same remarks apply to uissapomfiable oils, such as jiaraffin or lubricating 
oil, in a still greater degree These are in any case very difficult to remove, an 
emulsification by means of soap and carbonate of soda being the only method 
available The use of organic solvents is, of course, theoretically excellent, but 
in practice rarely employed 

If the proteins are not thoroughly removed from cotton during the soda 
boil, as soon as the goods come into contact with the bleach they absorb chlorine, 
with the formation of these chloramine comjKmiids These iiuiy become subse- 
quently dccoinjiosed with liberation of hydrochloric acid and lendering will 
result, or the gradual decomposition may cause fading in stained or coloured 
goods 

Further, an incomplete boil may leave tannic acid, which, in jiresence of 
iron, immediately produces taunate of iron, which has a characteristic black 
or blue-black colour Cotton goods after bleaching sometimes develop blue or 
black discolorations from the converse reason. That is, they may contain iron 
and be allowed to lie on a wooden table which contains tannic or galhc acid, the 
presence of these acids being rendered visible by the development of blue or 
black stains or spots 
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If the above conditions have been carefully observed, all the impunties other 
than certain colouring principles will either have been removed or rendered 
soluble and removable by a thorough washing with water. The cotton will then 
be ready for the chemic. 

Use of Caustic Potash instead of Soda — ^Potash soaps are more soluble 
in water than the soda compounds, and a potash soap will scour cotton more 
rapidly than a soda soap In the same way, caustic potash is more efficient 
than caustic soda for the lye boil It saponifies mure rapidly, and the resulting 
soaps are more readily removed. A large number of experiments made in the 
author’s laboratory proved that in a given time caustic potash removed from 
cotton about 1 per cent more than caustic soda Its use is more expensive, 
but it IS to be recommended in many cases where goods are difficult to bottom, 
or time is pressing. 

Other Bodies used in Lye Bolling. — Other alkaline compounds are also 
used either with, or without, caustic alkahs, the chief of which are sodium car- 
bonate, sodium silicate, sulphide and sulphite, sodium borate or borax, rosin 
and other soaps Sodium carbonate has already been referred to ; its chief use 
in the soda boil is as an emulsifier, and the same may be said of borax. Neither 
has any detrimental effect on cotton Sodium silicate has considerable scouring 
properties, but its use is not advisable with fine goods owing to the possibility of 
silica being deposited and mechanically damaging the goods Borax, like sodium 
carbonate, has little direct saponifymg power, but possesses considerable de- 
tergent and emulsifying -[iroperties It is sometimes found m soap powders. 
As IS to be expected, noue of those bodies removes from cotton so much as 
caustic alkali, as is seen by the following table of results obtained with the same 
cotton — 


Caustic iMitasli rcinuvod 5 00 

„ suda 4 40 

Hudnmi i si bonatc 3 70 

borato 2 80 

„ silicdU- 2 40 


Alkaline sulphides arc sometimes used with coloured goods and are very 
effective They are, however, dangerous owing to their power of attacking 
metals and forming sulphides, which are generally black Metal surfaces are 
therefore rujudly attacked, and discoloration of the goods sometimes occurs. 
Further, 'chlorine and sulphides react very readily when brought into contact, 
giving rise to a chloride and sulphur — 

C’la+HgS=2HCl-f-8 

Thus where sodium or other sulphide has been used in the boil the greatest care 
must be taken with the washing, if the goods arc afterwards to be chemicked. 

Sodium sulphite or bisulphite may be used with less danger, but both of 
these compounds are antichlors, i e. they are oxidised by chlorine, reducing it at 
the same time to hydrochloric acid. Thus, if goods containing sodium sulphite 
arc put into chenuc, sulphurous acid is first liberated, and this is then oxidised 
to sulphuric acid at the expense of the chlorine, as shown in the equations 

NaisS 03 -l- 2 H 01 = 2 NaCl-f-HjSOs, 

H3S0,+Clg4-H,0= 2 HC 1 +H,S 04 . 

In another process (Eng. Pat. 802, 12th January 1914) the cotton is digested 
under pressure with magnesium or sodium bisulphite contaimng excess of sulphur 
dioxide, the gases hberated being completely removed. It is said that no further 
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lye boihng ib necessary, purification and bleaching being accomphshed simul- 
taneously. 

Changes due to Scouring and Lye Boiling (Trotnian and Pentecost, 
J.8.C.I., 1910, p 4). — The changes due to scouring and lye boiling are — 

1. Loss in weight 

2. Loss in length 

3 Alteration in count 

4. Increase of tensile strength 

5. Alteration in natural twist 

Loss in Weight . — Very few attempts have been made to measure quanti- 
tatively the loss that may be expected when ordinary cotton yarn or goods are 
subjected to the soda boil This is to be wondered at considering how often, 
especially in the case of yams, disputes arise as to the aHuwance to be made 
Although both parties to a dispute have their own ideas on the subject, they 
rarely base them on quantitative experiments, since neither, as a rule, knows 
the condition of the goods with respect to moisture before or after bleaching 
Thus a bleacher receives 100 lbs of cotton yarn containing x per cent, of water 
and delivers say 90 lbs of bleached yarn containing y jier cent of water. The 
apparent loss is 10 lbs or 10 per cent , but the real loss can only be ascertained 
when X and y are known and allow^ lor Thus, if when received the yarn 
contained 92 per cent of dry yarn and 8 per cent of water, it must after bleaching 
be calculated to the same ]>ercentage comiiosition before the loss can be found. 
The best way of doing this is, of course, to determine condition weight of the 
yarn before and after treatment The following numerital example will indicate 
the method to be adopted - 

A parcel of yarn on receipt weighed 105 lbs A jiortion of it was weighed 
and dried and the percentage dry weight found to be 89 50 

Thus we have 


J’cieeiitagc dry weight 

89 .'.U 

Add regain 8^ jicr cent 

7BI 

I’ercentage condition weight 

97 11 


Weight of yarn rnntauuiig correct amount of waU'r 
105 

on delivery— —x97 11=101 9l> 


After bleaching the yarn weighed 95 lbs , thus showing an apparent loss of 
10 lbs 


A portion of the bleached yarn was tested as 
figures — 

before and gave the following 

Percentage dry weight 

92 00 

Regain .... 

. 7 82 

Percentage condition weight 

99 82 


Hence the weight of true yarn m the bleached goods is 


99 82 
100 


X 95 or 94-83 lbs. 


Therefore the true loss is 101-96—94-83, t e. 7-13 lbs , or 6-8 per cent. 

The following table is a summary of a number of tests made with common 
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counts in this way, and since they have been made under strictly scientific 
conditions, should prove of some value : — 


Reputed Count 

roroeiitage Lobs 

No. of Testn, 

24/2 Am. 

5 30 

7 

82/2 ., 

4 01 

86 

40/2 ., 

4-35 

15 

70/2 ,. 

8 90 

29 

70/2 

80/2 Kg 

6*54 

8 

4-59 

12 

100/2 .. 

4 -SO 

18 

120/2 „ 

4 60 

12 

160/2 „ 

4 65 

6 


It IS luqiurtaut to remember that goods must lose weight during the lye 
boihng if they are to be cleared from impurities In fact, the more weight they 
lose the more thorough has the process been If they lose but little weight they 
are very likely to become discoloured subsequently and give rise to complaints 
It was stated above that most of these complaints can be traced to incomplete 
lye boiling In the case of goods which are filled or weighted during finishing, 
loss of weight IS of relatively little importance Higgins (J Text hist , 1916, 
p 29) gives a number of examples drawn from large-scale experiments. In the 
case of cotton goods (damasks) the average loss in weight appears to be 9’75 per 
cent on the dry material 

Tjoss in Lenyih shrinkage due to boiling vanes very much with the 
coiulitioris. Ill the foregoing expeniuents the length of the yarn tested was 
measured before and after boiling, the average loss being 2*6 per cent 

In commercial bleaching operations it is usual to allow 5 per cent for yarn 
which IS not subjected to longitudinal tension, as is cloth m the rope, but this 
should not be reached 

AUeration in Count - Since count depends jointly upon weight and length, 
it IS obvious that it will be afiected by both of the above losses. In sjieaking of 
an alteration in count, one must be careful to distinguish between the apparent 
count and the true count at correct condition with respect to moisture. The 
apparent alteration in count may be quite as misleading as the apparent loss in 
weight, for exactly the same reasons. The following table shows the results of 
a large number of tests of cotton yarns before and after lye boiling, in each case 
the “ true ” count being given . — 


Count before 

Count after 

Lj u Bull. 

L>e Boil, 

24 

26-70 

82 

83 72 

40 

42-0 

70 

72-58 

80 

83 90 

100 

104-60 

120 

126-60 

160 

167-60 
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It will be noted, ae might be expected, that the alteration gradually increases 
with the count. 

Iwrease in Tenure Strength — After a properly conducted lye boil, yam will 
alwavs show a greater breaking strength than before. Any weakening which 
might result from the removal of waxy matters is probably more than made up 
for by the thickening and felting of the fibres. Piece goods, such as lace curtains, 
are sometimes weaker after the boil because the finer threads have been unable 
to stand the strain caused by the shrinkage due to careless boiling Asa general 
rule, any difference of breaking strength between unbleached and bleached yarn 
IS due to the bleaching process and not to the soda boil 

Alteration in Twist — The mercerisuig effect of strong solution of caustic soda 
has already been mentioned, and it is always accompanied by a loss of natural 
twist, the fibres becoming in appearance more like tubes than twisted ribbons 
A certain amount of inercerisation and loss of natural twist always occurs during 
the soda boil This can be detected by the distinctly increased affinity for dyes 
which is now jiresent The extent to which the change has taken place depends, 
of course, upon the method in which the boil has been conducted There is iii 
addition an increase in the number of turns per inch given to a yarn due to the 
combined effect of shrinkage and tightening of the cotton 

In a recent jiatent (Eng Pat 12086, 16th May 1914) it is proposed to protect 
cotton against shrinkage and damage during the lye boil by steejiing it for from 
ten to twenty hours in water containing formaldehyde and a sulphonated oil 
It has been mentioned above that the former body protects cotton from nier- 
censation, the suliihonated oil being added, probably, to aid ])enetratioii 

Hubiier ( J Soc Dyers and Col , 1922, p 29) found that the following process 
produces the greatest freedom of the scouretl fabric from oils, fats, start lies, and 
other ingredients used in sizing the warp with the least reduction m its strength , — 

1 Steej) — Run the cloth into the open kier and boil lightly overnight with 
1 per cent of soda ash 

2 Run out of the kier, through rope washing machine, back into the kier. 

3 First Boil — Boil for about twelve and a half hours in the open kier with 

per cent of caustic soda and 1 J jier cent, of soda ash 

4 Run out of kier through rope washing inachine 

5 Sour with ] •50“ Tw hydrochloric acid 

6 Run through rope washing machine back into the kicr 

7 Second Boil. — Boil in the open kier, for about twelve and a half hours, 
with 3 per cent, of soda ash 

8 Run through the rope washing machine until free from soda (generally 
four times) 

9 Pass through water mangle. 

10 Ilry on the cylinders. 

11. Impregnate with a solution of sodium acetate m the water mangle 

1 2. Stenter and dry on clip stouter 

13 Damp slightly 

14. Plait and measure 

The Use of Old Lyes • — The sodium hydroxide liquor drawn off from the 
kier IS used, sometimes, as a preliminary “ soak ” for other goods. It may be 
recausticised also and used again in the kier This is done by boiling it with 
just enough milk of lime to decompose the dissolved soaps and convert the sodium 
carbonate present into sodium hydroxide. The liquor is then allowed to stand 
tiU the calcium carbonate and calcium soaps have settled, the clear solution 
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being syphoned off A considerable quantity of organic matter is carried down 
with the precipitate, but much remains still in solution In a German patent 
(311933, 1917) the liquor is heated under pressure at a temperature of from 
250“ to 300“ C for two hours, which causes much of the dissolved organic matter 
to be precipitated as a carbonaceous deposit It is said that regenerated lyes 
contain suf&cient reducing substances (possibly oxycelluloses) to protect cellulose 
from oxidation from the dissolved oxygen present in the fresli lyes Freiberger 
(J Hoc Dyer', and Col 1922, p 25) recommends the lollowiiig piocess The 
liquor IS boded in the kier with lime and sufficient bleaching powder to turn the 
solution yellow without increasing its oxidising power A solution of a bisulphite 
IS then added till the c hloriiie is reduced, iiidic ated by the discharge of the yellow 
colour The precipitated organic matter and calcium comjiounds are then 
allowed to settle and the cleai liquor is drawn off 

The Efficiency of the Lye-boillng Process.- In the laboratory, working 
with say 100 grammes of cotton, the lye boil can be relied ujioii to do all that 
is required of it But in ]iractice it is not a highly efficient process Moreover, 
it IS the most costly ojieratiou in cotton bleaching From what has been saicl 
already, it will have been concluded that the lye boil removes proteins and 
]icctiiis quite well But it cannot be relied upon to remove all of the cotton 
oils and waxes 

One of the troubles of the cotton bleacher is that the bleached goods some- 
times become yellow on storing One c ause of this has been rc ferred to, namely, 
the gradual decomposition of calcium and magnesium soaps whose presence is 
due to the use of hard or incompletely softened water But this “ jellowing ” 
occurs in the absence of calcium and magnesium soaps Other causes will be 
discussed in a later chapter, but one of them must be referred to here In very 
many cases this discoloration is undoubtedly clue to residual impurities which 
should have been removed by the lye boil, but which, owing to the limitations 
of the process, c annot be removed always with certainty 

There has been considerable discussion as to which of the unremoved con- 
stituents of cotton cause this yellowing It was believed, at hrst, that the 
mtiogenous constituents constitute the chief factoi in its pioduction Gross 
and Bevan associated it with the gradual decomjiosition of c liloramines Hebden 
{J SCI, 1414, p 459) states that proteins are chiefly resjiousible tor \ellowing, 
but that ether-soluble impurities have also some effect, although those soluble 
m alcohol, after removal of ether soluble bodies, have not This means that 
while ]iroteins are the chief cause, the cxitton waxes have also a contributory 
effect Levine (J SCI, 1916, p 687) agreed with the conclusions of Hebden, 
but considered that traces of proteins are the chief cause He states that chlor- 
amines can be detected in cotton even after prolonged boiling with alkali But 
Higgins (he cU ) has shown that the proteins are practicallj always removed 
by the lye boil On the other hand, the fats and waxes are not Freiberger 
(ii*KRUi''> Bleaching, p 37) regards jS oxj cellulose as the nwiii cause The 
b.ilaiK c of evidence now favours the view that traces of unremoved cotton w.ix 
are the all impoitaut cause of yellowing In nearly every case examined by 
the author, wax has been jiresent and can be extracted by mc'aiis of boiling 
benzol, with im]irovement of colour On the other hand, chlorainiiies have 
been detected very rarely. When it is remembered that the colour of the cotton 
waxes isolated by Schuhk, Knecht, and others varies in colour from yellow to 
dark green, that their meltmg-pomt is as high as 67“ C , and that they are only 
completely saponified by heating with potassium hydroxide and glycerol, it is 
not surprising that they are difficult to remove completely by a dilute aqueous 
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solution of sodium hydroxide even at an elevated temperature The colour of 
all these waxes is darker when melted than when solid When fabncs are stored, 
traces of unremotred waxes work their way gradually to the surface of the goods 
and become visible Higgins {JSCl, 1914, p 902) states that these waxes 
are only gradually removed dunng the bleaching process, and that their appear- 
ance and colour are only altered slightly Hence, on heating the cloth at any 
stage of the bleaching process, it it ill become darker m colour owing to the 
melting of the waxes it contains Good scouiing removes a large proportion 
of the non cellulose (.onstituents, so that it is evident that the more perfect the 
scouring the less chance there is of yellowing on storing In fact, good scouring 
IS the only method ot preventing it But, as stated already, complete extraction 
of the waxes bv mean i of the lye boil is an ideal w hicli is very diftcult to attain 
Hence modern research has been directed largely towards the replacing of the 
lye boil by a more certain process Added importance was given to this by the 
observation of Fort (J Soc Byert and Col , 1921, p 162), that if as bttle ns 0-1 
jier cent of tatty matter is left in piece goods it may be quite impossible to 
obtain a good beetle finish, yet if this residue of fatty matter is completely 
removed, the beetling can now be carried out satisfactorily Now, the only 
certain way of removing the last traces of oil and wax from cotton is to extract 
them by means of an orginic solvent such as benzol or petrol This led to the 
patenting by Lumsdeii, Mackenzie, and Fort of the use of an organic solvent 
boiling above 100 “ C lor the degreasing of cotton goods for bleaching •nd finish 
mg Solvents with a higher boiling jioint than water (Brit l**t 170544, 1921) 
are said to be superior in cleansing jiowers to those boihug at lower temperatures, 
and have the further advantage that the goods need not be dried, the moistuie 
being driven out during extraction 

Higgins (Eng Fat J31798, 1918) also iwtented the use of volatile organic 
solvents for the scouring of cotton, while Feckham {JSCl, 1916, ji 203) 
proposed to bod the goods in a solution of benzol or ])ctroleum m an aqueous 
solution of soap, c g 50 gallons of water containing 10 lbs of soap and 3 gallons 
of benzol It must be noted, of course, that extraction of grease, by means of 
a solvent, does not do away with the necessity for some form of alkaline treat- 
nient But it does make the cumbersome high jiressure boil unnecessary When 
once the oil and wax are removed the nitrogenous constituents can be dissolved 
quite easily by means of a mild alkali such as sodium carbonate boiling at ordinary 
pressure, and the same ajiplies to the pectins and other soluble impurities Thus 
noVaustic soda is required The following extract is taken from Fort’s paper — 

r The extended use by manufacturers of non-saponihablc sizing ingredients, 
such as soft paraffin and other tallow substitutes, which do not yield to reasonably 
gooch scouring, has been troublesome enough to the bleacher but a veritable 
cursc\o the beetle finisher who is required to attain a high standard in the beetling 
of thc^ goods Caustic boilmg, in most cases, can be made to give a satisfactory 
bottonJ. for white either on linen or cotton, but if paraffin wax is present, will 
not likewise ensure the best hiiish, and rejieated lime boiling of such goods has 
also failtid to Mcld the uniformly good beetling cinalities desired Solvent 

extraction, in conjunction with bleaching, relieves the bleacher of an intolerable 
burden, nXmeiy, the necessity of using unduly severe treatments, which have 
not alway s 160011 required to gam the necessary white, but seemed to be called 
for in the interests of the finish Preliminary solvent treatment also facili- 
tates every on^ of those treatments (i e alkaline treatment, bleaching, etc ) to 
a greater or les^ extent, rendering them more effective, as the waxy impurities, 
if not removed, ^tard penetration by wet agents, and, moreover, can combine 
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with chlorine or its compounds, and thus interfere with the success of chemickmg 
and scounng. The complete absence of wax and grease in either full or half- 
bleached goods, which have been extracted, assists in obtaining a maximum 
degree of permanence and freedom from defects arising in storing ” 

In a later patent by Lumsden, Mackenzie, and Fort {J Soc. Dyers and Col., 
1925, p 33), it 18 claimed that bleached yarns and fabrics of vegetable fibres 
having special features are obtained by treatment with hot organic solvents, 
followed by bleaching, without the usual boiling with lime or caustic alkalis. 
Instead of ordinary bowking operations, a scouring with lime or caustic alkalis 
is earned out, in the cold, or at temperatures lower than the boiling-point, with 
or without the addition of bleaching or other known agents suitable for use in 
scounng baths Subsequently, known bleaching treatments are given, and 
bleached goods are thus obtained remarkably free from oil, fat, wax, and various 
other impurities, but nevertheless consisting not only of cellulose conserved to 
the greatest possible extent, but also containing certain natural non-cellulose 
impurities which are retained in the interest of weight by this process. 

There was some prejudice, at one time, against solvent extraction on account 
of waste of the solvent and danger of fire These have now been overcome 
The risk of fire is very small, and non-inflammable solvents are also available, 
while modern degreasing plants do not waste more than 0-5 per cent of the 
solvent used. 

The ajiparatus used in degreasing will be described in Chapter XX. 

The treatment of degreased goods with a proteoljd;ic enzyme for the removal 
of proteins has been suggested and claimed by several patents. Levine (J SC I , 
1916, p 687) found that several different species of bacteria, such as B arnylo- 
lyltcm, B. fum, B Inhulus, B carotovorus, and B. suhtilis, secrete enzymes which 
are able to render the proteins of cotton soluble and also the ether-soluble 
impurities He suggested treating cotton goods with a culture of one of these 
organisms for from twenty-four to seventy-two hours The dcstnictive action 
of many bacteria on cotton referred to in Chapter X would make the use of 
this process very dangerous But this objection would not apply to prepara- 
tions of the enzymes themselves. Pancreatm is the simplest and most readily 
obtainable of these. Its use is elaimed by several patents, though it seems 
doubtful whether some ot them can be valid Thus, Rohm (Eng Pat 100224, 
1916) patented the steeping of cotton for some hours in a O-l per cent solution 
of pancreatm at a temperature of 20“ to 40° C He claimed also the use for the 
same purpose of other agents such as the fresh pancreas of animals, papayotin 
or papaii fruit, the enzymes of the castor-oil seed, etc 

The patentees of the use of enzymes generally claim more than can be accom- 
plished Thus, Rohm states that boiling with alkalis can be omitted altogether, 
mere washing with water after the enzyme treatment being recommended 
Proteolytic enzymes render proteins soluble by changing them into simple ammo 
compounds, but it is verv doubtful if they decompose the pectins, and certain 
that they would not remove the cotton waxes. The pancreas secretes a fat- 
splittmg enzyme which in the presence of sodium carbonate converts readily 
saponifiable oils into soaps, but even in the human body a considerable pro- 
portion of the saponifiable fat taken as food passes out quite unchanged. 



rHAPTBR XVIII. 

KIERS. 


Simple Kiers.- The kier ib the moKt important of all the apparatus used by 
a bleaeher. It is the name given to the special vessel m which the saponifica- 
tion of the fata and hydrolysis of the proteids and other natural impurities of 
the cotton are carried out by boiling in the presence of alkali The simplest 
form of kier is a household copper in which the goods are jilaced anil heated, by 
means of a fire underneath, with soap and carbonate of soda, circulation of the 
liquor being ensured by occasional stirring with a wooden staff or dolly To 
])revent the loss of heat the copper is covered with a lid, water being added from 
time to time to replace that lost by evaporation. Kiers constructed on these 
simple lines were originally used in bleaching, but they had so many obvious 
disadvantages that their use was soon given up Direct heating is both incon- 
venient and wasteful for large quantities of goods where circulation is rendered 
difficult by reason of the mass treated The direct contact of cotton goods with 
the heating surface again causes local overheating and burning Thus indirei’t 
heating by means of steam, accom])anied by an automatic method of producing 
circulation of the liquor, was gradually introduced, and subsequently followed bv 
boiling under inercased pressure in a closed vessel to dimmish the time neceB.snry 
for sajionification and to economise heat These mqirovements have been 
followed by others having for their object the easier mampiilatioii and equality 
of treatment of the goods during the boiling jirocess Sometimes the liquor is 
heated entirely outsale the kier and circulates from the external heater through 
the kier and back again to the heater Kiers are sometimes constructed of 
wood, but generally of cast iron or steel They may be adapted for either low 
or high pressure, s They are often heated by direct steam, but preferably by a 
set of steam pipes, which are either placed m the kier itself or outside The 
outside of the kier is sometimes coated with wood or some non-conducting 
material to prevent loss of heat by radiation 

The most important meohanism in the kier is that which maintains the 
temperature and circulation As we have seen in a previous chapter, if large 
quantities of goods are boiled in an alkaline solution, the liquor follows the line 
of least resistance, and the denser jiortions of the goods do not become penetrated 
The devices for securing adequate circulation are very numerous Many of them 
will be noticed in the following pages in connection with special kiers, but it is 
hardly possible to include all the forms of kiers that have been proposed. 

Improved Kiers. — In comparing the efficiencies of kiers of different types 
it IS instructive to note the conditions under which the heat or kinetic energy 
of the steam may be expended. This expenditure occurs in (1) heating the 
contents and metal work of the kier up to the working temperature and making 
good the losses occurring through radiation or evaporation, and (2) in maintain- 
ing a relative movement between the liquor and cloth, more usually a circulation 
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of the liquor The greatest and most rapid eicpenditure of heat commenres as 
soon as the steam is applied to the kier, and continues until the contents have 
attained the desired working temperature and the pressure corresponding there- 
with An approximate measure of this initial heat demand, which is useful for 
estimating the necessary steam, is given by the following formula — 

H=(T-o(w+0 

uhere 

H=heat units (kg X° C ), 

T— working temperature ° C of the liquor, 
t— imtial temperature ° C „ „ 

W= weight of the liquor, 
ui= „ „ kier 

Having obtained a numerical value of H, corresponding to assigned values 
of the terms in the above formula, the requisite expenditure of steam to yield 
H heat units may be calculated by means of the following table — 


lull]) , 

•G 

Piessura, 

Ills pci sq in 

Sensible Heat, 

I itent Heat, 

Total Heat 

kg °C per 
kg Steam 

kg “ C per 
kg. of Steam 

Ivg. ' C per kg 
Steam 

100 

14 7 

100 6 

539 1 

689 7 

105 

17 6 

105 6 

636 1 

641*7 

110 

20 8 

110 7 

633 9 

643 6 

116 

24 6 

115 8 

529 8 

645 6 

120 

28 8 

120 9 

526 6 

647 4 

125 

SI 7 

126 0 

523 3 

649 2 

130 

39 3 

131 1 

620 0 

6510 

170 

116 3 

172 2 

491 4 

663 7 


This table gives the properties of steam at various temperatures and the 
extent to which heat is stored in the steam The sensible heat is that which 
IS required per 1 kg of water to bring it from 0° C to boiIing-point at any given 
temperature, and the latent heat is the further heat which must be imparted to 
it to eonvert it to steam at the same temperature The total heat is the sum 
of these two quantities 

When steam is yiassed directly into liquor at a lower temperature than itself 
it immediately condenses, and transfers to the liquor the whole of its latent heat 
The condense mingles with and dilutes the liquor, and in dropping to an 
equal temiieraturc yields to the liquor a quantity of heat equal to the weight 
of the condense, multiplied by its drop in ° (’ of temperature 

The weight W, of live steam in kg at any given temperature of supply T, 
in ° C which must be injected into the liquor to raise it from t to T is found 
by dividing the known value of H by the total heat of I kg of steam at tempera- 
ture T„ less its sensible heat at temperature T The quantity of liquor is 
thereby increased by the amount W,, and the heat expenditure is H-fW^xT 
heat units 

When the heat of the steam is only transmitted to the liquor through an 
intervening heating surface in s calonfier it is practically only the latent heat 
of the steam which is transferred to the liquor The sensible heat remains in 
the condense, which, being kept apart from the liquor, may leave the calonfier at 
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or near the steam temperature The quantity H is in this case divided by the 
latent heat only, and the weight of steam required is therefore greater. This 
does not imply a greater nett heat expenditure if the condense be returned directly 
to the boiler, but if this is not done the loss may be appreciable because of the 
increase of sensible heat with increase of steam pressure, and the desirabihty of 
using high pressure for such indirect heating appliances. 

A further expenditure of heat arises during the heating up of the liquor to 
balance the loss due to radiation from the external surface of the kier. This 
loss continues throughout the boilmg process It can, however, be limited, by 
the application of suitable insulating covering to the exposed metal work of the 
kier and its pipework, etc , to 2 9 of a kg. ° C heat unit per hour per .square 
metre of radiating surface per ° C difference between the temperature of the 

liquor and the external air 

The efficiency of an injector lies 
in the conversion of the kinetic 
energy of the steam passing 
through it into heat energy, which 
passes into the liquor after the 
performance of mechanical work 
But when the working temjiera- 
tnre of the liquor is reached and 
cannot bo exceeded for the rea.son 
given later, no further absorption 
of heat from injector steam is 
possible, and it pusses uncon- 
donseil through the liquor As 
continuous circulation is essential, 
it IS usual to restart it when thus 
arrested by wastefiilly lowering the 
temperature of the lujuur 

In open kiers an additional 
and more appreciable loss takes 
place partly by evaporation of 
liquor from the open top of the 
kier, and also by the escape of 
live steam through the jiuffer pipe, 
unless the regulation of steam 
thereto is carefully checked. These losses can be determined only by deducting 
such steam exjienditure as can be estimated from the total sujqily of steam to 
the kier The simplest measurement of the total supply is by metering the 
water evaporated in a boiler supjilying only the kier under test, during a 
complete jirocess 

The operation of circulating the liquor is in more modem kiers performed 
mechanically by a centrifugal pump, and the power expended can be measured 
moat conveniently if the pump be electrically driven In the simpler kiers 
both heating and circulation are effected by steam acting through a puffer pipe 
or an ejector, as described later This method has the disadvantage of making 
these processes inter-dependent, whereas they should be under separate control 
Although most admirably adapted both m simplicity and efficiency for the com- 
bined performance of circulation and heating -during the process of heating up 
the liquor, an injector becomes afterwards uncertain in action and wasteful of 
steam. 



Fio lO.^ — High-prcusure kier with external 
injwtor circulation {Lang, Bridge, Ltd ) 
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Injector Kier. — From a mechanical point of view the injector kier is the 
simplest, bemg readily adjustable to both low and high pressures. 

It consists of a cylindrical steel shell (hg 105) with dished ends, the lower of 
which IS covered with an iron grid or false bottom In the upper are manholes 
for the entry of the goods These are provided with covers placed on the inside 



and fastened by a bolt which passes through a saddle spanning the manhole 
externally. The circulation is produced by means of an apparatus somewhat 
similar to the steam injector of a boiler. This may be either outside the kier, 
or the circulating pipe and injector may be placed inside at the centre, in the 
form known as the puffer pipe, as shown in the kier of Messrs J Walker & Sons, 
Ltd. (fig. 106). 

A simple form of injector is shown in fig. 107. It consists of a water chamber A, 
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with an orifice the shape of which resembles that of two inverted cones 
Within the chamber, and placed concentrically with the conical orifice, is a 
corneal steam nozzle The chamber and nozzle are fed by a liquor and a steam 
pipe respectively On issuing from the cone, the steam enters the surrounding 
cone, where it meets the liquor The contact of the liquor and steam produees 
two results (1 ) the steam, which emerges with great velocity due to its pressure, 
communicates jiart of its velocity to the liquor; (2) at the same time the steam 
is condensed by the lower temperature of the liquor, so that, at the extremity 
of the cone, practically the whole of the steam is condensed and a column of 
liquor emerges. The peculiar shaping of the orifice is favourable to the utilisa- 
tion of the velocity of the steam and prevents the occurrence of eddies which 

would dissipate the energy of the steam 

For low pressures the kier is made in the form 
of an open iron pan, with or without a light 
movable hd, provided with an exit pipe to remove 
steam, prevent undue loss of heat and access of 
air to the goods in the kier The circulation and 
heating produced by an injector or steam elevator 
differs from that given by the “ jmffer ” 

The injector within limits of its adjustment, 
depending on the temperature of the liquor and 
the pressure against which it is acting, gives con- 
tinuous circulation for a smaller expenilituro of 
steam, smee the cones of the injector are pTOjior- 
tioned to utilise the velocity of the steam in an 
efficient manner The heating of the liquor is only 
effected gradually and requires longer than with 
the puffer. 

The puffer consists of a conical base fixed in the 
well and to the bottom of the kier, with apertures 
for inlet of liquor that has drained through the 
cloth into the well On this base is fixed a sub- 
stantial vertical pipe of 4- or 5-inch bore, sur- 
mounted by a spreader or bonnet A steam nozzle 
rises m the centre of the base just entering the 
Fio 107 — InjpctiiT discharge pipe, the height of the steam nozzle 

requiring careful adjustment to secure the best 
results The effect to be specially avoided is the discharge of steam into the 
well instead of up the discharge jiipe In operation, the well-liquor rises in 
the pipe and finds a certain level dejiending on the quantity of liquor in 
the kier The steam from the nozzle discharging into this column heats 
and expands it until a stage is reached when the steam, ceasing to be con- 
densed, ejecta the column of liquor bodily from the discharge pipe and up 
against the bonnet spreader, by which it is deflected with a thud on to the 
top of the cloth. Meanwhile a fresh column of cool liquor rises m the tube and 
allows a suhsideiice of the cloth which was previously, and in a relative sense, 
floating This effect is more apparent with heavy than with spongy cloth As 
the hot liquor penetrates the cloth, the original state of affairs is regained, and 
these operations are continually repeated with this series of motions of the 
cloth. When this so-called vomiting action is confined within reasonable limits, 
it is found to have a beneficial action on the effective application of the liquor to 
the cloth, and doubtless results in repeated changes in the mode of contact of 
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liquor and clott, opening out new coui^es and squeezing or draining out those 
parts that had become saturated It is at any rate evident from this action on 
goods containing certain coloured headings that the effect of this motion of the 
bulk IS to discharge these colours in a way which does not occur with gentler 
circulation 

The boihng of cloth in kiers circulated and heated by live steam demands 
rather careful attention and manipulation of the steam inlet valve The lifting 
capacity of an injector decreases with the rise of temperature of the liquor and 
of the jiressure against which the liquor has to be forced, and while the discharge 
from the puffer pipe is less impeded by rise of temperature, there is liability in 
both cases to a discharge of steam only, with overheating of the cloth, especially 
if it comes into contact with the puffer pipe This discharge occurs wheneier 
the temperatures of the liquor and steam are the same To prevent damage from 
tliisfause the puffer pipe is generally lagged externally with a protective covering 
of wood or sacking Similarly, the iron grids are sometimes covered with well 
rounded stones to keep the cloth away from the iron grid When the steam 
pressure at the top ot the kier is in excess of that in the well, steam must be 
(becked or stopjied till eqiiilibiium otcurs, and the boiling ciniilation then 
(irried on at a more moderate rate When the emulation in an open kier is 
checked for lack of licjiior in the well, due to shortness of liquor or jirior to its 
e\j) insion and augmentation by condensed steam, and because the flow through 
the cloth has not attained the normal rate, the attendant or ‘ Bowker has 
recourse to replenishing the well by means of a bypass of liquor This is effected 
by the insert ion ot a perforated vertical trough or a stout wooden beam during 
picking between the cloth and side of the kier, which beam he agitates to make 
a groove for the liquor to flow down Though an appaiently foolish procedure, 
as Ignoring the jiurpose of circulating, it serves to prevent overflow and loss of 
liquor, siiil also to divert it from places where it might have become stationary 
or air locked It also prevents acc ess of steam to the bottom of the cloth through 
the well becoming empty and affording an open course from the ste,im inlet 

In all closed or high pressure kicrs precautions must be taken to avoid the 
blocking ot the outlet to the safety valve by stray laps of cloth This is some- 
times c nised by the contents being subjected to a greater pressure from beneath 
thin fiom above', thus c lusiiig a general rise of the contents This, however, 
cinnot happen where there is a positive downward circulation To secure this, 
the packing must be carefully done, and the top of the cloth may be covered 
with a jute sheet well loaded with stones or fastened by chains, but still allowing 
reasonable room for expansion In addition, the openings to the safety and 
111 wives should be protected with a perforated bonnet, or tbe air valve may 
be placed in a different position so as to allow alternative outlets Care must 
be taken that the readings of the jiressiire gauge are not f.ilsified by such ob 
structions as above mentioned, and the kier subjected to excessive pressure and 
danger of bursting or overheating ef the cloth If at the end of the boil the 
steam be liberated too cjuickly at first, the sudden reduction of pressure at the 
top ot the kier may cause cloggmg of the valve Cases have been actually known 
in which the top of the kier has been blown off through this caune, contributed 
to, perhaps, by the use of a hinged lid instead of one of the self-closing type. 

In order to ascertain the state of the hquor during the process, test-cocks 
are fixed at suitable points If on opening a test-cock steam escapes, it indicates 
that the goods are being exposed to danger of overheating, and the circulation 
must at once be increased 

Numerous improvements have been proposed with a view to overcoming 



308 


BLEACHIKO AND EINISHINQ 01 COTTON, 


the difliculties of pressure and circulation, such as relieving the pressure at the 
top of the kier by an automatic equilibnum valve, or by connecting the top and 



Fio 108 — Walsh’s bleaching kier 


the well by means of a centrifugal pump or bypass. In some kiers the circula- 
tion 18 given to the cloth itself, the liquor remaining stationary. Other improve- 
ments have for their object the shortening of the time necessary for boiling and 
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handling of the goods. In the low-pressure kier the time of boihng is in some 
cases twelve hours, without reckoning that necessary for cooling and removing 
the goods. In more modem and special forms of high-pressure kiers this may 
in certain cases be reduced to about two hours. 

The following are examples of some of these special forms of apparatus . — 

The Walsh Kier (fig. 108) consists of the usual steel shell, an external tubular 
heater and centrifugal pump. A circulating and drain pipe is fixed to the well, 
and at the top end of the kier are inserted the usual bonnet or spreader, sur- 
mounted by a block and branch, fitting on which are safety- and air-valves, 
pressure gauge, as also liquor circulating and water pipes. 

The heater contains tubes which separate the liquor and steam, the latter 
warming the liquor by conduction of its heat through the tubes. 

This type of kier is a very satisfactory one in regularity of circulation, general 
reliability, ease of control, and the thorough boiUng of piece goods which are 
suitable for treatment in rope form. 

This IS due to the positive mechanical circulation of the liquor, to the separate 
control of the heating, to the separation of the live steam and attendant im- 
purities from the cloth, and finally to the freedom from dilution of the bquor by 
condensed steam, thus avoiding the necessity of compensating fur this by reducing 
the initial charge of liquor. 

Greater confidence is thus afforded in the treatment of goods which are out 
of sight in a closed vessel, and in the adoption of high boihng temperature for the 
more thorough bottoming of the goods, and the shortening of the process. 

However, to credit any shortemng of the process directly to the heater is 
inaccurate ; for unless the transmitting surface within the heater is considerable, 
the process of heating up the liquor is retarded owing to the low rate of heat 
transmission from the steam to the liquor through the metal walls of the tubes 

To obtain a reasonable rate of transmission, it is necessary to maintain rapid 
circulation of liquor and the maximum possible difference of temperature between 
the steam and the liquor. 

Elevation of steam temperature is restricted only by the strength of the 
heater to withstand the corresponding steam pressure 

The relationship between pressure and temperature of steam enables the 
desired working temperature of the liquor to be definitely fixed by the setting 
of the safety-valve. Immediately that temperature is exceeded the safety-valve 
opens, thus preventing any further nsc of pressure, and consequently also of 
temperature When this happens the supply of steam to the heater is adjusted 
to equalise the small but continuous heat losses from the kier by radiation, and 
thus maintain the required working temperature. 

The chief defect as regards pump-driven circulation lies in the low mechanical 
efficiency and the wear and tear of the pump Against this, however, may be 
set the actual economies resulting from the subdivision of steam expenditure 
for heating and driving and the positive circulation guaranteed. In view of the 
somewhat great energy of circulation, the contents of the kier are generally 
supported by cross struts, which tend to prevent entanglement of the cloth. 
This, if it happens, causes great difficulty in the subsequent extraction of the 
goods. 

Mather and Platt’s Kier has an external contact heater, and circulation 
18 maintained by a centrifugal pump, which continuously withdraws the liquor 
from the kier and sprays it again on to the goods A number of pipes and 
valves permit of the boiling or washing bquor passing through the goods in 
every direction. 
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It ia illustrated in fig. 109. It is made in sizes varying in capacity from 1^ to 
3J tons, and is constructed for a pressure of 40 lbs per square inch, being tested 
up to 80 lbs It IS made in the form of a horizontal iron cylinder with doors, N, 
which are raised or lowered by the gearing shown above The goods are placed 
in two wagons, A and A They arc saturated with soda solution before being 
packed in the wagons, which are then run into the kier through the door raised 
for the puqiose Each kier is provided with two sets of wagons in order that 
whilst one set, filled with the gowls, is being treated, the other may be emptied 



and refilled for changing as soon as the boiling is finished The changing of 
3 tons of cloth occu]iies less than ten minutes instead of an hour or more, as 
IS the case with ordinary kiers, and the working is therefore continuous The 
circulation is effected by means of a ^niwerful centrifugal pump D, and, by means 
of the valve H and J, the direction of circulation can be altered at will. The 
horizontal arrangement of the goods and the small depth to be penetrated en- 
sures thorpugh circulation of the boiling b'quor. The liquor falls on to the goods 
m the wagon through the spreader £. It percolates through them and leaves 
through the outlet B, which returns it to the pump through the pipe C. 

The heating of the liquor is effected by means of direct steam injected through 
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perforated pipes, F, and by indirect steam passing through a coil pipe (G) placed 


L 



M 



Fia 110 — ThicswHerzig kicr aud plaiting apparatus. 


m the bottom of the kier. A modification is also made m which an outside 
multitubular heater replaces the internal heating pipes, and a vacuum pump 
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may be added, if necessary, to withdraw air previons to commencing the boiUng. 
When the boil is complete, the hquor is drawn ofi through the outlet M, 'and the 
. goods are washed in the kier by means of water introduced through the inlet 
valve K. The washing of the goods before they are removed from the kier is a 
very important point, since it prevents all danger of damage caused by con- 
centrating soda solution or the action of air and alkali on the cotton 

Thles-Herzig System of Sir James Farmer & Sons, Ltd (hg 110).- -In 
this system the boiling process is characterised by the employment of a strong 
caustic lye, together with a special mechanical method of plaiting and impreg- 
nating the cloth in the kier, which has already been described This process of 
plaiting and imjiregnatiou not only conduces to regular and effective circulation, 
but also prevents the imprisonment of air in the folds of the cloth or its access 
during boiling. 

The cloth undergoes a prelimmary process of scouring in a warm sour, the 
elevation of temperature intensifying and accelerating its action This pre- 
Uminary scour is carried out very expeditiously by employing three machines in 
tandem. In the first and third of these the cloth is washed with water, and m 
the intermediate one it is treated with dilute hydrochloric or sulphuric acid 
at a slightly elevated temperature The strength of the sour employed is 16 
grammes of 30 per cent hydrochloric acid, or 10 grammes of 60 per cent sulphuric 
acid jier litre A little hydrofluoric acid may also be added to dissolve silica 
This acid treatment removes most of the mineral impurities, and causes the lye 
in the subsequent boiling to remain clearer than is the case in most other systems. 
The cloth is now transferred to the kier by means of the special mechanism, and 
at the same time impregnated with the lye Any high-pressure kier, which 
affords effective circulation, may be used, but it is necessary to jirovidc a wide 
circular central opening in the top end of it for the introduction of the telescopic 
feed tube of the impregnating and plaitmg apparatus This tube is directed by 
hand, and can be raised, lowered, or swung into any required position by means 
of a universal joint by which it is suspended 

It 18 said that the plaiting is so regular that kiers of fifteen tons’ capacity 
may be used without difficulty When the kier is full the telescopic tube is 
withdrawn and the kier sealed Circulation of the strong lye is maintained by 
any suitable method. Upon completion of the boiling process the liquor is with- 
drawn, the kier being meanwhile washed out with hot water The remaining 
processes of chemicking and souring are then carried out, together with the neces- 
sary washings, in sequence No piling is necessary, owing to the completeness 
of the boil This is said to be so thorough that only very weak chemics (about 
one-third of the ordinary strength) are necessary, thus avoiding danger of over- 
bleaching, while even with goods most difficult to bottom, repetition of the pro- 
cesses IS rarely necessary 

In the earlier processes the goods were treated with a solution of magnesium 
or calcium chloride before introducing them into the kier This causes 
the liberation of calcium or magnesium hydrate in the hbres, which is said to 
protect them from mercerisatiou by the concentrated soda lyes employed (5 to 
7 per cent ). In later processes it is claimed that the complete absence of air, 
which 18 ensured by the special method of impregnation and plaiting, prevents 
any danger of mercensation, and of course the production of oxycellulose. The 
importance of the absence of air in lye boiling has already been referred to, 
and also the necessity or desirability of removing the lye, at the end of the boil, 
without undue exposure. 

The use of warm sours is, in itself, now new, and has not always been regarded 
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with favour. Warm sours, however, must have the advantage of increased 
chemical activity, thus allowing them to act to a fuller extent in the limited 
time in which the cloth is exposed to their action, besides, owing to their weak- 
ness, leaving less acid to be subsequently removed. 

In dealing with the changes occurring during the soda boil, it was stated that 
the strength of properly boiled cloth was always greater than before boiling, and 
that incomplete boiling, which necessitates severe bleaching, is frequently pro- 
ductive of overbleaching or loss of strength. 

This contention seems to be confirm^ by the Thies-Herzig process, in which 
it IS said that the cloth is always about 20 per cent stronger after bleaching. 

Jefferson-Walker Kler. — This apparatus consists of a high-pressure kier 
and an automatic live steam positive circulating arrangement outside the 
kier. 

The method of operation consists in the periodic withdrawal, heating, and 
return to the kier of successive charges of hquor The incidental variations of 
steam pressure and level of hquor m the kier give rise to conditions subsequently 
referred to, which are claimed to increase the rapidity and effectiveness of the 
boiling })rocesb. 

Kefemng to figs 111, 112, and assuming the kier (1 ) to be packed with cloth 
and charged with liquor, the effluent drains through pipe 2, check valve 3, and 
pipe 4 into a receiver 8. 

It rises simultaneously in 8 and pipe 25, then onwards through pipe connec- 
tions 26, 28, 29, until it charges the hollow ball 30. 

This ball, together with parts 26, 28, 29, and 31 to 35, forms a balanced frame- 
work free to oscillate through a small angle about the pivot 38, and counter- 
poised by the counterweight 39. 

The result is that when the ball 30 is charged, as desenbed, with liquor and 
overbalances the counterweight 39, the steam valve 43 is opened Steam now 
passes from valve 48 through iiipe 46, valve 43, pipes 47 and 56, enters the 
receiver and drives out the charge of hquor through the pipes 4 and 5, and a 
check valve at 6 (controlling pipe 5) to the spreader 7 at the top of the kier 
Meanwhile the ball empties by pipe 25, and the hquor is replaced by steam 
flowing through 35, 36, 33, 31, and the counterweight 39 causes the oscillating 
system to close the equilibrium valve 43 by means of link 42, and steam is shut 
off Any excess tif steam escapes by 44 and 45 and check valve 45' into the 
kier, also via 56 and check valve 55. The receiver is now isolated by check 
valves 6 and 45' from the top of the kier as regards any return of steam through 
pipes 5 and 45 respectively As the residue of steam in the receiver condenses, 
a partial vacuum or less pressure than that in the kier obtains in the former, 
and either assists by suction, or permits of the flow, of a fresh quantity of liquor 
from the base of the kier. Entering the top of the chamber 6 is a steam nozzle, 
which supplies heat to the circulating hquor, in addition to that gained from 
steam m the receiver ; it also expedites the flow of liquor. At the commence- 
ment, when the liquor is cold, this 'injector is sufficient to start the circulation, 
and when it fails to do so the receiver apparatus automatically takes up the 
operation When the steam remaining in the ball and receiver offer any back 
pressure to the rise of liquor, such steam is released into the top of the kier 
through pipes -41, 44, and 56, and chamber 55 ; these feed into the common 
pipe 45, whence the steam passes upwards through check valve 45', and so into 
the kier. 

The object of chamber 55, which contains a ball valve controlling access to 
pipe 45, is to close it to the passage of high-pressure steam from valve 43 during 
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the discharge of liquor from the receiver, but when valve 43 closes, the drop of 
pressure releases the ball valve and pernuts of the action previously descnbed 

The pipe 45 contains a branch and stop valve for liberating air when the 
receiver is first filled, and for adnutting air when the process is over and the 
receiver is to be emptied. 

It is essential that the pressure of steam supjihed at valve 48 shall exceed 
that in the kier, and suffice to 

overcome the head and friction p<=» ^ 

encountered in ejecting liquor 

from the receiver. This con- ^ 

dition, together with the multi- 'X 

plicity of valves, is the chief ^ 

drawback to the apparatus, ^ 

which otherwise affords a com- 4 .# ' 

pact and automatic means of 
producing a very efficient and 
positive circulation without re- 
course to mechanical pumjimg « 

Apart from the ingenuity 

of the circulating system, the '•« 

jiuiiit of chief interest is the j/ J? 

maimer in which the niter- 30 ^.^= 3 ^ ^ 

mittent discharges of liquor f ~ 

cause the cloth to rise and i j 0 38J^^34 39 

fall as the kier is successively \ / i'\' 40 

flooded, and a portion of the ■ ■ r- — — JSp — — 4 o 

Injuor discharged into the ' 

receiver — 

This action is analogous to 


that occurring in the vomiting 
kier, and is found, to the 
author’s knowledge, to give 
excellent re.sults where reason- 
able attention is given to the 
operation of the ajiparatus 
The action which occurs 
during circulation, etc , may 
be considered in further detail 
as follows The cloth is plaited 
into the kier, secured by the 
chains at the top to prevent 
undue movement, the man- 
holes closed, and the liquor 
entered from an external mix- 



ing and warming tank by way Ro. 112 -Jefferson- Walker kicr. Detail of ball valve 
of branch 21 In the case of 


lime boiling, the liming is effected by a machine, and the balance of liquor 
added as stated. It rises through the cloth, exjielling air-bubbles, and when 
it reaches the test-cock, a supply valve is closed, as also the cock The liquor 
meanwhile rises in the receiver, emptymg it of air by air-valve in pipe 45, which 
IS then closed. The air-valve at the top of kier .remains open for a short time 
in the usual manner for the expulsion of air, for which purpose the valve 49 
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may now be opened to fill the top space with steam. It will (if the Uqnor be 
cool] create sufficient suction to commence circulation of the column standing 
m pipe 5, and maintain a flow of liquor through it from the well of the kier 
by check valve 3; or the valve 48 may also be opened and commence the 
operation of emptying the receiver. This discharge meeting that occurring at 
the nozzle in chamber 6, is further heated The air- valve is presently closed, 
and the kier begins to get up pressure, being assisted thereto by the intermittent 
discharges from the receiver, and the continuous flow of steam from valve 49. 
This latter has the effect of applying a pressure at the top of the hquor covering 
or passing through the cloth Thus, for a period, the cloth exists in a state of 
compression, which is, however, momentarily relieved by a partial condensation of 
steam, when a discharge of cooler hquor from the receiver enters the kier, or 
an accumulation of liquor causes the cloth to “ float ” within the limits of the 
fastening chains. Now the reverse action occurs, as the hquor for the next 
discharge is drained from the kier, and the cloth sinks. The pressure above it 
rises again, and the state of compression supervenes When the pressure of the 
kier has reached the working limit to which the safety-valve is set, or before this 
stage, the valve 49 may be closed, the subsequent discharges being effected 
solely by the supply from valve 48, which feeds valve 43 When the tempera- 
ture of the liquor fails to produce any appreciable condensation of the residual 
steam in the receiver, such steam is vent^ to the top of the kier m the manner 
already described, so that in any ca.se it does not seriously retard the filling of 
the receiver during the gravitation of the hquor into it from the kier, nor offer 
any obstruction to the opening of the check valve 3 to permit this flow The 
function of this back pressure check valve 3 in directing the discharge from the 
receiver to the top of the kier is obvious The rate of circulation is indicated by 
the automatic oscillations of the ball lever, and by comparison of the pressures 
existing m the top of the kier and the receiver respectively, by means of gauges 
connected therewith It is claimed that a considerable saving of steam is effected 
through the reduction of time necessary for boiling owing to the rapid heating 
of the liquor and the peculiar motions occurring m the cloth by reason of the 
intermittent discharges of liquor, and the varving conditions of pressure between 
the folds of the cloth There would api>ear to be some foundation for the claim 
III respect of this effect being akin to that of the vomiting kier, and the rate of 
heating uji is certainly su])erior to that of the tubular heated kiers The claim 
for extensive economy of steam by reason of its direct application to the liquor 
must be somewhat difficult to substantiate, as there does not exist any great 
margin of economy to be effected in this respect over the external pumping 
arrangement, considering the relative expenditures of steam which are required 
for heating and circulating. 

The vomiting or periodic mode of circulation, together with its effects as noted 
in connection with the puffer pipe and with the Jefferson- Walker kier, may be 
further applied as shown in the two following schemes devised by the authors, 
to embody the combinations of effects to be respectively described 

Vomiting Kier with Pump Circulation.— The combination of features 
in this c.ase is as follows : — 

1 Elevation of the liquor by mechanical pump through an external tubular 
heater, and its subsequent periodic discharge 

2 Corresponding effects on the cloth, such as are peculiar to the adoption of 
vomiting action, and to indirect heating of the lye as previously described 

The arrangement is shown •diagrammatically in fig. 113, and is in effect a kier 
of the Walsh type, with an extended dome to the heater into which the liquor is 
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contmuouBly pumped. A suitable chaise of liquor having accumulated in this 
chamber R, the float-controlled feed valve V is opened, and admits to the vomit- 
ing pipe F, through which the liquor rashes out by gravity to the spreader and 
thus on to the cloth, cau.sing it alternately to float and sink. Upon completion 
of discharge, x.e when the float has dropped to a given level, the valve closes 
and the cycle of operations repeats itself 

The bypass BP serves the double purpose of equalising the pressures in the 
chamber R and at the top of the kier, so that the rapidity of discharge is un- 
affected by such differences of pressure ansing, and it further acts as a bypass 
in the event of breakdown of the automatic valve, in wliich case, or as required 
for certain goods, the operation reverts to that of continuous circulation. 



Fios 113 and 113a — ^Automatic cirrulatinf; kicra 


The valve may be set to effect any desired rate or period of discharge from 
that of the ordinary puffer pipe to that which corresponds to the full stroke of 
the float, or the capacity of the receiver. The objection urged against float- 
operated or other automatic valves is entirely met by the provision afforded by 
the bypass, and, given an economical form of pump drive, such as an electric 
motor, the whole of the conditions required for operative efficiency and economy 
of working for a wide range of purposes appear to be complied with 

The objection peculiar to surface heating in any form, viz. the slow rate of 
initial heating up, has been referred to, but it may be dealt with by striking 
a compromise between surface heating and live steam heating by admitting 
a limit^ quantity of live steam into the liquor without giving rise to serious 
condensation troubles 

The Automatic Circulating Kier.— A further device by the authors 
may be referred to as effecting such a compromise, and depending for its 
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automatic circulation upon the suitable control and distnbution of the pressure 
developed in the he.iter 

The kier shown diaf'rammdtically in fig 11 3a is connected at the base through 
a. check v,il\e C’j to the lower receiver R The liquor pipe extends ujiwardly to 
join the upjier receiver Rj with check valves Cj, (3, admitting respectively to 
jiijie 3 and tiilnilar heater The exit from the heater to the kier is by pipe 4 The 
pijips 5 , (), 7 , S relate to the distribution of pressures 111 the resjicctive chambers, 
and these relations arc varied by the common valve V, which is automatically 
ojieratecl in accordance with the respective levels obtaining m the two receivers 
The elTcc t is that, when licjuor in R^ is high and in R low, pipes 5 to b and 7 to 8 
are respectively connected, and in the reverse state 5 to 8 and 6 to 7 

The heater is sujiphed with steam for heating the tubes, and with a live-steam 
connc'ction bv means of valves Vj and Vj The operation is as follows Assum- 
ing the kier to be supplied with cloth and liquor, and R and heater also with 
liquor, float F in R is laiseci and Fj in R^ lowered, so that japes 5 to 8 and 6 to 7 
are connected Steam is turned on to and V^, and the jiressure rises 111 the 
dome of the heater, thus closing C, The steam jiasses down 6 to 7 into the 
receiver and empties it through 3 info Rj Rj exhausts its pressure through 
a c oil in the well of the kier by 'i to 8 to ('5 The position of the floats is reversed 
and jiipes 5 and 6, 7 , and 8 are joined The steam jiasses through 0 to 5 to 
jiernut of the emjitying of Rj into the heater by gravity and an equivalent 
disclnrge of hot liquor enters the kier through 4 Meanwhile the kier well is 
draining into R and the conditions jiroducing the reversal of the valve V occur 
when F and Fi are in theur extreme jiositioiis The initial operation is then 
repeated 

The above explanation approximately describes the action occurring 111 the 
ajiparatus but it may be noted that initiallv the charges of stcsim detciiied in 
U and Rj serve by c oiideiisation with the inflowing liqiioi to assist its motion 
by sue tion 

It IS at a later stage, when the teinjiernture of licpior and steini ajijiroach 
cqiiahtv, that these charges present a back jiressure, which must be lebeved, 
as above described 

To avoid excess of steam in the well of the kier, the coil m.iv be closed (or 
jirovided with but few jierforations) and exhaust through jiipe 8' and check valve 
into the toji of kier 

In either c ase the pressure in the heater will tend to exceed that 111 the toji of 
the kiei owing to the constant evolution of steam from the liquor in contact with 
the heating tubes The discharge of licjuor from the heater through the im- 
mersed end of jiijie 4 m.iv occur either as mentioned above, or bv the jiressure 
of the steim accumulating in the steam space above the liquor in the he<vtei 
Tbe objec t of the coil m the well is to effect an exchange of heat between the 
discharging steini and the coolest licjuoi in the kier 

The admission of live steam at valve is simply to augment the supjily of 
steam which can be jiroducecl fioni the licjuor by the heating tubes 

The jiractiial manipulation of valve V in conjunction with the operation of 
the floats IS effected as follows — 

The spindle on which each float lever is pivoted is extended into a small 
chamber intercepting a water-supplv pijie, and the extension of the spindle is so 
formed as to jiermit or arrest the flow of water, according to the position of the 
lever When both levers are in either of their extreme positions a flow of water 
occurs for the purpose of automatically operating an oscillating lever in alternate 
directions by overbalancing in turn the opposite arms, on the principle of a 
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tipping gear This lever is connected to a piston valve, which serves the purpose 
of valve V In this way the motion of the floats in the receivers merely serves 
as a relay to control the power applied to operate the pressure regulation through 
valve V Thus the power required is not actually produced by the buoyancy 
or weight of the float Nor is the control liable to become clogged, as it it> not in 
ilirect contact with the lye 

The following descriptions refer more particularly to a few of the special 
devices adopted with the view of maintaining regular and efficient circulation — 
Gebauer’s Kier {J SCI, 1902, p bl2) -The principle of this is that 
horizontal circulation is made use of instead of vertical 

The kier consists of two concentric vessels (fig 1 14), one inside the other The 
inner, b, is either fixed or movable, and is perforated, as shown in the figure 
The outer, a, is placed so that spaces are left between the sides and bottoms of 
the two vessels 

b IS filled with hot lye This is drawn by means of the pump g from the 
space h, forced into the boiler /, 
and thence through the pipe i 
into the space between the two 
vessels From here it flows hori 
/ont.illv through the goods in the 
inner vessel through the pipe <1, 
and back into the collecting 
space h The Ive mav he heated 
directly bv steam introduced 
through the pipe I 

The parallel rings t, t', pro 
jecting outwards to greater dis 
tances as they descend, cause 
the ]>e to enter the inner vessel 
in currents of eciual force 

C.J. Jackson (J S V 1 , 1901, 
p 712) employs a cvlinclrical 'Krc. IH— Ot bam i s kier 

vessel divideci vertically into two 

compartments The outer is provided with a coil of steam pipes, and the 
inner connected near the bottom with two or more open low pressure kiers at 
a low er level Each kier is connected at the bottom by a pipe to the rec eivcr 
of a centrifugal inimyi, connected on the discharge side with the outer compart- 
ment of the heater When the pump works the lii{uor is forced into the outer 
compartment of the heater It is here heated till it overflows into the inner, 
and IS conducted from this to the kiers, being distributed evenly on the goods 
and again returning to the heater 

Roesch (J SC J , 1902, p 342) employs two concentric c ylmclers The inner, 
holding the goods, is perforated and capable of being rotated on its axis The 
outer IS provided with pumps on opposite sides, and the sjiacc between the two 
cylinders is divided into water tight compartments by projections from the inner 
side of the outer cylinder The liquors are forced through while the cylinder 
rotates, thus ensunng circulation in constantly varying directions Rotating 
kiers are employed for boiling rags and waste cotton 

Brooks uses a number of circulation pipes, which are provided with valves 
capable of withstanding the pressure of a certain head of liquor When the 
pressure rises above this point they suddenly open and give the liquor a forward 
motion. 
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Klers in which the Cloth is passed through the Liquor. — In all the 

preceding kiers the goods are stationary, while the liquor circulates We may 
now consider one or two examples m which the opposite conditions obtain, % e. 
the liquor remains more or less stationary, while the cloth circulates through it 
in the rope or open form. 

Edmeston-Bentz System. — This system differs radically from the fore- 
going methods in that the cloth passes continuously through a special form of 
kier or scounng machine, wherein it is thoroughly saturated with the boiling 
liquor, and in this state brought into temporary contact with live steam After 
a further passage through the liquor it emerges and is mechanically piled down 
in external receptacles while still saturated, and left for an extended period to 
permit of the completion of the scounng process in situ It then proceeds to 
the washing, bleaching, and scouring processes m a normal manner, exce])ting 
for the introduction of automatic piling, instead of plaiting by hand labour, from 
the different machines, in manner similar to that shown in fig 117 

The system ^ applicable to cloth, yarn, and warps in the rope form (see 
fig II, I), and to cloth in the open width (fig 116) It enters and leaves the kiers 
through liquid seals, and is guided m a sinuous course, as shown in the accom- 
panying illustrations, under and over rollers which guide it in its passage from 
one section of the machine to another The arrangements are such that Ihe 
cloth can be exposed in a verv thorough manner to the alternate action of the 
boiling liquor and steam, whereby the temperature is rapidly raised to the 
degree necessary to Induce decomposition or solution of the impurities The 
liquor IS maintained at the desired temperature and pressure in the kier by 
steam coils 

The arrangement of this continuous system in the rope form is self-evident 
from its diagrammatic representation m fig 117, and in the case of cloth scoured 
in the open-width form, the method employed for the subsequent continuous 
washing, chemicking, and scouring with intermediate nips through squeeze rollers 
may be gathered from the illustration of a continuous open range in fig 118 

The rate of passage of the cloth through the kier vanes from 30 to 45 yards 
per minute, according to its weight The processes subsequent to boiling 
de])eiid on whether the kier has been used with a caustic lye or milk of lime 
The system has been in continuous commercial operation in print- and dye-works 
for a number of years, and its use is extending in this connection on account of 
the saving in steam, labour, and the general convenience peculiar to the 
arrangement 

Jackson Kier. — The treatment of cloth in the open width is also carried 
out bv the more sustained boiling process employed in the kier of Messrs 
.Tackson & Brother, of Bolton (figs 119, 120, 121) 

The advantages claimed for this method are — 

1 An absolutely even bleach from one end of the batch to the other 

2 Selvages which have a tendency to curl are prevented from so doing, and 
after treatment in the kier will remain straight for subsequent processes 

3 The face of the cloth is not broken 

4 A better width is obtained than in rope bleaching 

5 The cloth is “ fuller ” and less punished than in ordinary bleaching. 

It 18 essential that the cloth should be prepared and made into good batches 
before going into the kier This is done on the machine illustrated in fig. 11 9, and 
IS in every way effectual for its purpose It consists of a cistern from the sides 
of which are carried a large drum The cistern is filled with caustic hquor 






Xto. 116. — ^Edmeston-Bentz patent kier for cloth in open web. 
(A. BdmMten * Son*, Ltd., Patriasik) 
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(vfaich has already been used in the kier) ; the cloth passes round the drum and 
becomes thoroughly saturated. A perforated steam pipe is fixed close to the 
drum at bottom, and serves the purpose of heating the liquor and driving it 



through the cloth as it travels with the drum. A pair of strong batch a^ are 
fivaH on the top of the cistern and the necessary feeding rails at the front of 

°^*^Tkier is fixed in a horizontal poffltion, and Is made of sted pl^ stroi^ 
wnn iigK to stand a working pressure of 60 lbs. per square mch. The door is 
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swung on a jib crane mounted on the top of the kier, and can be easily attached 
and detached as required. 

The cloth to be treated is made into batches on suitable batch rollers and 
placed in position on the wagon, which, when run into the kier, automatically 
couples with the driving and reversing gear at the back 

The action of the drum, which lies between the two batches and remains in 
contact with them, notwithstanding their increasing and decreasing in size as the 
winding operation goes on, is fully described in fig 121, exactly the same move- 
ment being employed in this machine as in the kier. 



Fio 120 — Jackson's patent open bleacli kicr. 


B1 and B2 are the two batches, which work in journals carried by the m.achine 
sides. 

PD 18 the drum carried by the oscillating lovers or arms OL These arms 
are free to move from side to side, being journalled at J, and the arms have an 
open ]aw at the top ; the drum FD adjusts itself to the increasing and decreas- 
ing sizes of the batches as the cloth is wound on and ofi This motion is most 
important, as it keeps the cloth always at the same tension and free from 
creases It also brings considerable pressure to bear on the rotating batches, 
and squeezes the liquor through the cloth. 

The cistern sides are provided with hinged doors D for convenience of 
removing batches 

The spurt pipes SP are used for circulating the chemic and sours by means 
of the pump P, and also for washing with hot or cold water when the acid or 
other liquor is removed from the cistern. 
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When the door is attached and the kier ready for work, the caustic liquor 
IS run into the kier by means of the centrifugal pump, steam pressure is applied 
until a pressure of 40 lbs. is obtained, and the cloth is wound ofi the one batch 



roller on to the other, and mce versa for two hours, at the end of which time it is 
thoroughly bottomed. 

The reversing gear is automatic, and, after the batches are put in the kier, 
no attention is required until they are ready for coming out. 


CHAPTER XIX. 
CHEMICALS. 


It will be convenient to deacnbe briefly the cbemicale mentioned already in 
connection with water softening and lye boiling, and to include, also, the common 
acids. Many of these chemicals are liable to variation and should be tested 
frequently. 

Adds. — The chief acids used in bleaching are (1) sulphuric acid, (2) hydro- 
chloric acid, (3) acetic acid, (4) tartaric acid. Of these, the two first named are 
termed “ sirong,” while acetic and tartaric acids are, by comparison, “ weak ” 
acids. Whether an acid is a “ weak ” or “ strong ” acid depends upon the 
phenomenon known as “ hydrogen-ion concentration ” of its aqueous solutions. 

Hydrogen -ion Concentration (pH Value). — The terms strong and weak 
have been used in speaking of acids and alkalis, and hydrogen-ion concentration 
has been invoked to explain why a strong acid, hke hydrochloric acid, tenders 
cotton more readily than a weaker acid, such as acetic acid. Again, it was 
mentioned that the addition of sodium sulphate to sulphuric acid decreases its 
hydrogen-ion concentration and consequently its tendering action. Similarly, 
mild alkalis with a low hydroxyl-ion concentration were said to have a different 
action on cotton to strong alkalis with a greater hydroxyl-ion concentration. 
Since these terms are of considerable importance in bleaching they must be 
described briefly. 

Water does not consist entirely of molecules represented by the formula H^O. 
It IS continually dissociating into its constituent ions, which are charged with 
equal changes of positive and negative electricity. This is represented by the 
equation 

Hj0^2H++0H-. 


These positively and negatively charged ions are continually recombining, and, 
when they do, their electric charges neutralise one another. The reaction is a 
reversible one, as indicated by the equation given. 

Thus, water consists of molecules of H^O and free hydrogen and hydroxyl 
(OH) ions. Under all ordinary conditions the dissociation is very small, and 
there are always the same number of free positive and negative ions present, 
or, in other words, a constant quantity of undissociated molecules. 

When this is the case a hquid is absolutely neutral. Let Cn/> represent the 
concentration of undissociated water, and Cn'*' the concentration of positive ions 
and CoH~ the concentration of negative ions. 

According to the law of “ mass action,” the rate of ion formation depends 
upon Ch^, and the rate of recombination upon the product Cb'''XCoh~. 


Hence 

and 


Cb*0 C'h'*XCoh , 

Ch'^XCoh” 


c, 


’H,0 


=a eonstant (E) 


or 


Ch+ X C!oh“=E X C^. 
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This quantity ExCh^ oi E,, is called the constant of dissociation for water. 
It has been found experimentally to be 10~^^ This means that, in pure water, 
the concentration of both hydrogen and hydroxyl ions is 1 in 10,000,000. The 
logarithm of this number 10“’' is —7. Leaving out the minus, 7 is termed the 
pH value of water. 

When hydrochloric acid is dissolved in water it dissociates, in a similar 
manner, into positively and negatively charged ions — 

HC1:?=^H++C1-. 

Similarly, sulphuric acid dissociates into H and SO 4 10 ns, and acetic into H 
and CH 3 COO 10 ns. The addition of an acid to water will, therefore, increase the 
concentration of the free hydrogen ions, or, since the product Cu x Con remains 
constant, dimmish the concentration of the OH-ions. That is, Ch will be greater 
than 10 “’. 

Similarly, when sodium hydroxide is dis^lved in water, it is dissociated into 
Ns and OH ions. Thus the concentration of OH-ions becomes greater than 
10 “’, and consequently that of the hydrogen ions less than 10 “’. 

From these facts, it will be seen that — 

1. A solution is neutral when the concentration of both hydrogen and hydroxyl 
ions IS 10 “’. 

2. When the concentration of the hydrogen ions is greater than 10“’, and 
conversely the concentration of hydroxyl 10 ns less than 10 “’, a solution is acid. 

3. When the concentration of the %drogen 10 ns is less than 10“’ and that 
of the hydroxyl 10 ns greater than 10 ~’, the solution is alkaline. 

When equivalent weights of acids and alkalis are dissolved in water, they do 
not necessarily dissociate to the same extent. Thus, 1 c.c. of decinormal sul- 
phuric acid neutralises the same weight of sodium hydroxide as 1 c.c. of acetic 
acid, but the hydrogen-ion concentration of the sulphuric acid is much greater 
than that of the acetic acid. That is, hydrogen-ion concentration is not a measure 
of the neutralising power of the acid, but only of its degree of acidity In common 
words, we say that sulphunc acid is a stronger acid than acetic, meaning that 
when equivalent weights of the two are dissolved in the same volume of water 
the strong acid has a greater hydrogen-ion concentration than the weak one. 
Similarly, equal volumes of decinormal solutions of sodium hydroxide and 
sodium carbonate will neutrahse the same weight of sulphunc acid, but have, 
again, difierent hydrogen- or hydroxyl-ion concentrations. The hydroxyl-ion 
concentration of the sodium-hydroxide solution is greater than that of the sodium 
carbonate. Hence we say that the degree of alkalimty is greater, or that sodium 
hydroxide is a strong, and sodium carbonate a mild, alkali 

The hydrogen-ion concentration in the case of acids and alkalis, compared 
with those of pure water, is termed the pH value. 

SSrensen’s Method of Expressing pH Values. — The pH value of pure 
water is 10~’. If a solution has a hydri^en-ion concentration ten times greater 
than water, this would be 10 x 10~’. If this multiplication be done by logarithms, 
the product of 10 multiplied by 10 “’ is 

log 10 -flog 10“’, i.e. 1—7, or — 6 . 

Sorensen uses the figure 6 , omitting the minus sign, to express the degree of 
acidity of the solution (called its pH value). 

The following table gives the hydrogen-ion and hydroxyl-ion concentrations 
corresponding to pH values from 1 to 13: — 
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Hydrogen-ion Concentration, 


pH Value. 


1,000,000x10-’ 

. 



n 

100,000 X 10-’ . 




2 

10,000X10-’ 




3 

1,000x10-’ . 




4 

100X10-’ 




6 

10X10-’ . 




6j 

1 xl0“’ (water) 




7 

0 1 X10-’ 




8 

0 01 X10-’ . 




9 

0 001 X10-’ . 




10 

0 0001 X10-’ . 




11 

0 00001 X10-’ . 




12 

0 000001 X 10-’ . 




13, 


Acid solutions. 


Neutral solution. 


Alkaluie solutions. 


Ill the case of alkaline solutions the hydroxyl-ion concentrations arc lOX 10 ’ , 
100x10“^ up to 1,000,000x10“’ respectively. It must be noted that, using 
this method of expression, the hydrogen-ion concentration decreases as the 
numencal value of the pH value rises, while the hydroxyl-ion concentration, on 
the other hand, increases. That is, a small pH value means a higher hydrogen- 
ion concentration than a large one. 

The hydrogen-ion concentration of any particular solution of an acid in water 
depends upon the degree of dilution if the temperature remains constant. Thus, 
a normal solution of hydrochloric acid has not the same pH value as a dccinormal 
or a centinormal solution Hence the pH values of different acids or alkahs, 
to be comparable, must be determined, always, on solutions containing equivalent 
weights, such as one molecular equivalent per htre. In the method adopted 
the symbol pH is the logarithm of the reciprocal of the concentration of 
hydrogen ions in terms of normal Thus, when pH is 2, the hydrogeii-ion 
concentration is N X I0“* or one-hundredth normal (Evers, Analyst, 1 921 , p 394) 

The Determination of pH Values. — The exact measurement of pH* values 
is very complicated and difficult Approximate values, which are sufficiently 
accurate for most purposes, may be determined by taking advantage of the 
fact that the colour changes of “ indicators ” only take place, as a rule, between 
narrow limits of hydrogen-ion or hydroxyl-ion concentration For example, 
sulphuric acid turns methyl orange red, but boric acid docs not affect it. This 
is because the colour change only occurs with a hydrogen-ioii concentration 
which IS greater than that produced by a solution of boric acid. Hence, if the 
particular hydrogcn-ion concentration at which the colour change takes place 
be determined by exact methods, we can obtain some information about the 
relative hydrogen-ion concentrations of similar solutions of sulphuric and boric 
acids. If a senes of indicators can be found one of which changes colour at 
each unit of pH value, the pH value of a solution i an be determined with fair 
accuracy by noting which indicator it affects. This is, m fact, the principle of 
the “ colorimetnc ” method of finding pH values, though the indicators available 
overlap one another to a certain extent. 

One or two examples may be given. 


Indicator 
Motanil yellow 
Tivpoeolin 00 (Orange IV ) 
Methyl orange. 

Methyl red 
Pora-nitrophonol 
Kobolio acid . 

Cresol red 


Bango of pH Value 
1 2-2 3 
1 4-2 6 
29-40 
42-63 
. r> 0-7 0 
69 80 
. 72-88 
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Indicator. 
Thymol blue . 
Phenol violet . 
Thymolphthalein 
Alizarin . 


Range of pH Value. 
. 80- 96 

. 8 0-10 0 
. 9 3-106 

. 110-13 0 


The colorimetric method of determination was devised by Sorensen. By 
mixing solutions of certain salts together with hydrochloric acid and sodium 
hydroxide, it is possible to prepare standards having any definite pH value. 

The liquid to be tested is tried with the various indicators till one is found 
towards which it is approximately neutral. A series of standard mixtures is 
then prepared, so that some of them will have “ exponents ” above and others 
below that of the hquid to be tested The selected indicator is then added td 
each, and the position of the test-hquid on the scale of standards is estimated 
colorimetncally by comparison. 

The following method of carrying out the colorimetric test is desenbed by 
Evers {Analyst, 1921, p. 393). 

There are required — < 

1. A complete series of indicators with well-marked colour changes covering 
a wide range of hydrogen-ion concentration. 

2 Solutions of known hydrogen-ion concentration which are easily prepared 
and stable 

Indicators. — The following table shows a set of indicators recommended for 
solutions with pH values of from 1 to 11. 


Indicator 

Strengtli of Solution 

Range of pH 

Thymol bluu 

Rromphciiul blue 

Methyl red 

BromorcHol purple 

Bromthymol blue 

Thymolphthalein 

0 04 in water 

0 04 „ ,, 

0 02 in SO per eont. alcohol 

0 04 in water 

0 04 „ „ 

0 04 in alcohol 

1 2-28and80-96 

2 8- 4 60 

44- 60 

6 2-68 

6 8- 84 

10 0-110 


Standard Solutions. — It is not possible to use solutions of acids and alkalis 
of known strength on account of their susceptibUity to changes of hydrogen-ion 
concentration, from such accidental causes as solubility of glass, etc. But this 
difficulty may be overcome by introducing certain salts, such as phosphates and 
borates, which act as “ buffers,” % e , when present in solution, cause the hydrogen- 
ion concentration to be only shghtly affected by the addition of small amounts 
of acid and alkali. 

Evers uses the following solutions : — 

1 Standard N/10 sodium-citrate solution, prepared by dissolving 21'008 
grammes of pure citnc acid in 2Q0 c.c. of N/10 sodium-hydroxide solution and 
diluting to 1000 c.c with water. 

2. Standard N/5 sodium-borate solution. This is prepared by dissolvmg 
12’404 grammes of pure boric acid in 100 c c. N/10 sodium-hydroxide solution 
and diluting to 1000 c.c. with water. 

3 Standard M/15 potassium-dihydrogen-phosphate solution, made by dis- 
solvmg 9-078 grammes of the pure salt, KHaP 04 , in 1000 c.c. of distilled water. 

4. Standard M/15 sodium-phosphate solution, prepared by dissolving 23*87 
grammes of pure sodium phosphate, N^HF 04 . 12 Hj 0 , in 1000 c.c. of distilled 
water. 
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(Solutions 3 and 4 are used in combination.) 

5. Standard N/10 sodium-hydroxide solution free from carbonate. This is 
made as follows : One hundred grammes of pure sodium hydroxide are dissolved 
in 100 c.c. of distilled water in a flask covert with tinfoil, and allowed to stand 
overnight for the carbonate to settle. The solution is then filtered quickly 
through a hard filter-paper with the aid of the pump. Ten c c. of the filtrate 
are diluted to about N/6 strength with carbon dioxide free distilled water, 
standardised against potassium hydrogen phthalate to phenolphthalein and 
diluted to N/10 strength. The solution is stored in a bottle coated with paraffin 
wax and connected by a glass tube to a burette. The bottle and burette have 
side tubes joined to soda-hme tubes to prevent the entrance of carbon dioxide. 

6 Decmormal hydrochloric acid 

The following tables give the proportions in which these solutions are used 
to give mixtures of known pH values. 


pH Vauves, 


0 IN Citrate 
Hulution 

0 IN Hcn 

pH. 

0 2N Borat(‘ 

0 IN HCl 

pH 

lOuv 

9 0 0 c 

1 17 

6 5 c c 

4 5 c c 

794 

2 0 

80 

1 42 

6 76 

4 26 

814 

.'iO 

70 

193 

60 

40 

829 

3 33 

GOO 

2 27 

05 

36 

8 61 

40 

0 0 

2 97 

70 

30 

8 68 

43 

6 0 

3 3b 

75 

20 

880 

4 75 

0 20 

3 63 

80 

20 

8 91 

0 0 

00 

3 09 

80 

1 6 

9 01 

0 6 

4 6 

3-90 

90 

10 

9 09 

00 

40 

4 10 

9.5 

06 

917 

70 

30 

4 40 

10 0 

00 

9 24 

80 

20 

400 




90 

1 0 

483 


0 IN NbOH 


00 

00 

4 89 




10 0 

00 

4 90 

90 

1 0 

9 30 




80 

20 

960 


0 IN NaOll 


7 0 

30 

9 68 




0 0 

40 

9 97 

96 



60 

60 

11-08 

90 
























M/IO 

M/16 


M/15 

M/16 


Nb,HI> 04 . 

KH,P 04 

pn 

NbjHPO, 

KH.Pt),. 

pn 


10 0 0 0 

4 49 

6 0 c 0 . 

4 0 c 0 . 

6 98 

01 

99 

494 

70 

30 

7 17 


9 76 

6 29 

80 

20 

7-38 

06 

9 6 

6 69 

90 

10 

7 73 


90 

6 91 

96 

0-5 

8-04 


80 

6 24 

9 76 

0 26 

834 

30 

70 

0 49 

99 

0-1 

8 68 

40 

00 

0 04 

10-0 

00 

918 

60 

60 

6 81 





























rffriByrnATJi. 


381 


The method of determination for clear or turbid liquids free from colour is 
as follows : The solution is tried with the indicators until one is found which 
gives a tint lying between its extremes of colour. Tqp c.c. of the solution are 
then run into a clean test-tube first washed with neutral distilled water, and 
5 drops or more of the indicator are added. From the shade of colour produced 
the pH value can be judged approximately. Ten c.c. of a solution of this 
pH value are then piepar^ in another test-tube from the standard solutions 
after referring to the tables. Five drops of the indicator are added and the 
colours compared. If they do not match another standard is prepared. 

For coloured liquids an apparatus termed a “ comparator ” is required. 
This (fig. 122) consists of a cubical block of wood bored vertically to hold four 
test-tubes. Two horizontal holes are also bored completely through the block, 
so that it is possible to look through two pairs of test-tubes simultaneously. In 
No. 1 hole IS placed the test-tube containing 10 c c. of 
the solution to be tested and 5 drops of the indicator. 

Hole No 2, behind this, holds a tube containing 10 c.c. 
of distilled water. In No 3 is placed a tube containing 
10 c c. of the standard solution and 6 drops of the in- 
dicator, and behind this, in No. 4, is placed a tube 
containing 10 c.c. of the coloured solution. In this 
way the colour is compensated, and the shades can be 
compared without interference by the colour of the 
solution. 

Mixed indicators may be used also. Thus, a 
“ universal indicator,” prepared by the British Drug 
Houses, Ltd , gives a range of different colours in the 
order of the spectrum from red to violet, each colour 
corresponding to a definite pH value from 3 to 11. 

For moat purposes the values given by this indicator 
are sufficiently accurate. A useful comparator, together 
with a set of standards, is supplied also by the same 
firm. 

Sulphuric Acid, HgSOf. — Sulphuric acid is the most 
important of all acids. It is used not only in bleaching Kio 122 — -Cumparstur 
and dyeing, but also in the manufacture of a great set. 

many other bodies, such as hydrochloric acid, sodium 

sulphate, nitric acid, and a large number of other compounds both inorganic 
and orgamc It may be made by dissolving sulphur trioxide, SOg, in water — 

S0,-|-H,0=H,S0i. 

From this reaction it appears that sulphuric acid is a compound of the acid oxide, 
sulphur trioxide with water, but its constitutional formula is S 02 ( 0 H) 2 , or 



0. /OH 
0 ^ ^OH, 


sulphur trioxide being represented by the formula 



0 . 


Sulphuric acid contaimng dissolved sulphur trioxide is made by distilling 
partly dehydrated ferrous sulphate. This acid, which has the formula H 2 SO 4 .SO 8 , 
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or HgSgOf, is termed pyrosulphunc or Nordhausen sulphuric acid. The action 
of heat upon ferrous sulphate is represented by the equations 

(1) 6 FflS 04 =Pej(S04)a+2Fe*0.+3S0s. 

(2) FealSOala =Fea0a+3808. 

(3) 2SOa+HaO=HaSaO,. 

Sulphuric acid, also known as oil of vitnol, is made on the large scale by the 
oxidation of sulphur dioxide to sulphur tnoxide, and, simultaneously, dissolving 
the latter m water But sulphur dioxide does not combine readily with oxygen 
It only does so when an oxygen earner, or catalytic agent, is present For this 
purpose either a little mtric acid, or fmely divided platinum, is used There are 
two distinct processes, viz. — 

1. The older chamber process, in which nitric acid is used. 

2 The contact process, in which the oxidation is brought about by means 
of platinum. 

In the chamber process, sulphur dioxide is made by burning sulphur or iron 
pyrites (ferrous sulphide) in air — 

S+Oa=SOa, 

4FeSa-l-110a=8S0a”t“2Fejj0a. 

This sulphur dioxide is mixed with air (%e oxygen) and a little nitni and 
{%e oxides of mtrogen) and steam, and passed into a lead chamber The 
sulphur dioxide is oxidised to sulphur tnoxide by the aid of the nitric and 
The sulphur tnoxide then combines with the water-vapour present, forming 
Bulphunc acid, which collects at the bottom of the chamber There are two or 
three chambers through which the mixture of gases pass, in order to give time 
for the reaction to be completed The acid which is formed iii the chambers 
contains nitnc acid or oxides of mtrogen This acid (known as chamber acid) 
must be freed from these impurities Moreover, the air which leaves the chambci 
contains, also, oxides of nitrogen, which must be recovered This is done bj 
means of the Gay Lussac tower This is a tall chamber packed with flints or 
coke. The gases from the chamber pass up it from bottom to top As they 
nse through the coke, they meet a descending stream of pure suljihunc acid 
This dissolves the oxides of nitrogen, or nitnc acid vapour, and the descending 
acid IS collected at the bottom of the tower This acid, together with the 
chamber add, is now pumped to the top of another tower, the Glover tower, 
constructed hke the Gay-Lussac tower As it trickles down this tower, it 
meets the hot gases from the sulphur or pyrites oven. The oxides of nitrogen 
which the acid contains are taken up by the ascending gases and carried on to 
the chamber. The acid which collects at the bottom of the tower is free from 
nitnc acid, and has been somewhat concentrated, also, by the hot gases from 
the ovens It contains from 60 to 70 per cent, of sulphuric acid, and is concen- 
trated in either lead or sihca pans accordmg to the quality of the acid required 
The mtric acid acts as a catal^io agent, % e. it is recovered unchanged at the end 
of the reactions and is used again. It is probable that, first of aU, mtrous acid 
is formed, which is then changed into mtrosyl-sulphimc acid, SOa(ONO)OH — 

2SOa-l-2HNO,-fO*=280a(ONO)OH. 

This lutrosyl-sulphunc acid is then decomposed by water with the formation 
of sulphuric and mtrous acids — 

2S0a(0N0)0H-l-2Ha0=2HaS04-|-2HN0a. 



OHBMIOALS. 


333 


Nitrosyl-sulphuric acid forms what are known as “ chamber crystals,” which 
are deposited on the sides of the chambers if there is not enough water Vapour 
present to decompose them In the contact process, a mixture of sulphur 
dioxide and air is passed over platinised asbestos contained in perforated tubes 
in a chamber The mixed gases pass through this asbestos when the reaction 
2S0g+0a=2S03 takes place, under the influence of the finely divided platinum 
The sulphur trioxide is condensed in concentrated sulphuric acid and forms 
Nordhausen acid But, if the acid is diluted with water, sulphuric acid is 
obtained — 

HjSj07+H30=2H*S04 

The temperature of the asbestos is kept at about 400“ C If it is much higher, 
the sulphur tnoxide is decomposed mto sulphur dioxide and oxygen, while if 
the temperature is too low, the reaction is incomplete and sulphur dioxide is 
lost 

Commercial sulphuric acid is of two kinds, known as “ brown oil of 
vitriol ” or dark oil of vitriol (BOV and BOV), and “ oil of vitriol ” (OV) 

The brown oil of vitriol owes its colour to impurities such as charred organic 
matter It contains also lead and other salts ind sometimes nitric acid 
Arsenious oxide is also generally present Lead is always present m sulphunc 
S(id which has been concentrated m lead pans above a strength of 79 per cent 
Up to this concentration sulphuric acid does not attac k lead After concentrating 
to 79 per cent of sulphuric acid, therefore, the evaporation is continued in quartz 
or platinum retorts Oil of vitriol (OV) is free from colour When crude 
s>ul])huric acid is heated, water is lost till the mixture contains 98*3 per cent, 
of sulphuric acid, when the acid distils unchanged Thus, sulphunc acid 
purified by distillation c ontains 98 3 per cent of real acid, H2SO4 Distillation 
frees it from all its impunties except arsenic Absolute sulphuric acid, H38O4, 
can be obtained as crystals by freezing the 98 3 per cent solution, or by adding 
sufficient sulphur tnoxide to combine with the water present These melt at 
10 5° (' forming pure sulphuric acid 

Properties of Sulphuric Acid. — Sulphunc acid (OV) is a colourless, syrupy 
liquid, with a specific gravity of 1 84 at 15“ C It boils at 338“ C , the distillate 
containing 98 3 per cent of acid When heated to 440“ C it decomposes, 
forming sulphur clioxide and water Sulphunc acid dissolves in water in all pro- 
jiortions When it is mixed with water, heat is evolved, and, on cooling, the 
solution contracts This evolution of heat during solution, followed by con- 
traction on cooling, indicates that a chemical change has taken place — that is, 
that the water and sulphunc acid have combined There are, in fact, three 
different hydrates of sulphur tnoxide (1) H3SO4, (2) H28O4 HjO, (3) 
HaS04 2H2O The maximum contraction takes place when sulphuric acid and 
water are mixed in the proportions represented by the formula H2SO4 2H2O 

The affinity of sulphuric acid for water is shown by other reactions It 
attracts moisture from the air very readily When brought into contact with 
carbohydrates, it decomposes them, withdrawing the hydrogen and oxygen and 
leaving carbon Thus 

Ce(H20)s-t-3H*S04=6C-t-3HgS0* 6HaO 

Sulphuric acid is used for carbonisii^ wool to remove cellulose on account 
of its action on carbohydrates When alcohol is treated with sulphunc acid, 
ethylene gas, C2H4, is formed — 

C,H 40 =H, 0 +C,H 4 , 
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or, if formic acid be heated with sulphuric acid, carbon monoxide is produced — 

HC00H=H,0+C0. 

Sulphuric acid dissolves and decomposes many other organic substances, such 
as skin and wool and cotton. 

The special action of sulphuric acid on cotton is described in Chapter IX. 

Sulphuric acid is a “ strong ” acid, i e. it has a high hydrogen-ion concen- 
tration. It turns methyl orange or blue btmus red. 

Its aqueous solution has a sour taste, and neutralises bases or dissolves many 
metals to form salts. Its action on metals is peculiar in some respects. It 
dissolves some, such as iron and zinc, with the formation of a sulphate of the 
metal and hberation of hydrogen — 

Zn-i-HjS04=ZnS04“4-H2. 

But in these cases water must also be present. The sulphates are not soluble 
in concentrated sulphuric acid, and soon form a layer which protects the metal 
from the further action of the acid. When zinc is placed in concentrated sulphuric 
acid it IS attacked at fir.st, but the action soon ceases. If, now, water be added, 
a rapid effervescence sets in and the metal is completely dissolved. 

Some metals, such as copper, are not readily soluble in cold sulphuric acid, 
but dissolve when the acid is heated with the evolution of sulphur dioxide. This 
is due to the reduction of some of the sulphuric acid by the hydrogen which 
is produced first The solution takes place in three stages : 

(1) Cu+H,S 04 =CuS 0 «-fHis 

(2) H,S04-t-H*=H*80,-f-H*0. 

(3) H^SO, =80,4-H*0. 

Sulphuric acid is dibasic, ie contains two atoms of hydrogen replaceable 
by metals, forming both normal and acid salts. The sulphates are prepared 
either by treating the metal, its oxide or carbonate, with sulphuric acid, or, in 
some cases, by double reaction Sodium sulphate is made, also, as a by-product 
in the manufacture of hydrochloric acid. 

The sulphates are, as a rule, crystalhne compounds which are soluble in water 
They contain generally water of crystallisation Many sulphates occur in nature. 
Among these are — 

Epsom Salt .... MgS 04 7HjO. 

Kainite E 2 SO 4 MgS 04 fiHgO 

Gypsum Ca804 2HgO 

Barytes ..... BaS 04 

Some of the sulphates are made use of in cotton finishing, and will be described 
in Chapter XXIX. 

Analysis of Sulphuric Acid. — The strength of a sample of sulphuric acid 
may be found by taking its specific gravity and referring to a table of specific 
gravities. 

For technical purposes the Twaddell hydrometer is generally used for the 
determination of specific gravities. This is graduated upon an arbitrary scale. 
In order to obtain true specific gravities the number of degrees Twaddell are 
multiplied by and the product added to 1000. Thus, a liquid indicating a 
density of 5° Tw. would have a specific gravity of 5x5-|-1000, i.e. 1025. Con- 
versely, specific gravities are converted into degrees Twaddell by subtracting 
1000 and dividing the remainder by 5. 

When using a hydrometer, it must be remembered that it only gives accurate 
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leadings at the temperature at which it was graduated, viz. 15° C. The tempera- 
ture of the liquid must, therefore, be adjusted carefully. 

The Baume hydrometer is used occasionally, but its readings are difficult 
to translate into specific gravities. The factor is 

14000 

gravity. 

The following tables give the relations between thermometnc scales, specific 
gravities, and the correspondmg percentages of sulphuric acid . — 


OouFARisoN OT Diffxbsnt Thsmiohbtsio Scales. 
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OOHPARISON OF THE HTDEOMETEE DbOBXEB ACOORDIHO to BATWi ANS TWASSSUb 

wiiH THE Specitio Gratiiies. 
























OBBUlflilS, 


SS7* 



rounds 00* 
In 1 cn ft 

Per enb 
50* 

Founds 50* 
In 1 Lii ft 

fiS a 

77 « 

60 03 

»89 

70 60 

CO 19 

(7 bO 

81 81 

71 83 

69 ro 

84 05 

74 68 

ei 80 

86 30 

77 27 

61 li 

88 60 

6010 

06 43 

00 81 

82 98 

03 79 

9312 

85 08 

71 20 

95 40 

88 04 

73 r8 

97 70 

02 04 

76 21 

lUOUO 

06 20 

78 86 

102 38 

98 60 

81 64 

104 74 

101 85 

84 S8 

107 16 

106 S3 

87 17 

1(W )7 

106 SO 

on 10 

112 III 

1L> 56 

92 11 

114 46 

J16 3U 

96 26 

11710 

120 24 

99 62 

119 50 

184 81 

108 80 

122 21 

188 62 

10040 

1 4 91 

182 91 

110 10 

127 74 

187 62 

114 06 

130 76 

142 47 

118 S4 

134 03 

147 88 

123 14 

187 78 

163 81 

1 4 49 

138 84 

165 60 

175 80 

139 96 

167 26 

187 40 

14122 

16014 

129 08 

142 67 

161 17 

130 75 

141 02 

163 88 

182 70 

146 71 

166 70 

184 88 

147 68 

168 48 

187 84 

140 87 

17168 


SIT OS lO OO #» ou w . . 

Acldi stnmnr Uum M‘B8 «houldli»wth8lrperoeiiUB»eoinpo»ltloin<l«temlii«d }iy olieiBlc»i«i«ljBi. 
<r^lonlated tiom Hlokralng • ruiilu, Jwitiai a/ Chmtoal Soeuti/, to) Ivd p. SO. 
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Hydrometers.— A hydrometer (fig. 123) is constructed of gloss. Its lower 
end 18 weighte.<l with mercury, in order to make the instrument sink to a 
convenient depth and preserve an upright position The cylindrical stem is 
graduated, the divisions corresponding to specific gravities When a hydro- 
meter is placed m a liquid, it sinks until the weight of the liqmd displaced is 
equal to that of the hydrometer Thus, it is evident that the less the specific 
gravity of the hquid, the deeper will the instrument sink in it. Hence, if a 
uniform system of graduation be adopted, so that all instruments give the same 
readings in liquids of the same specific gravities, the density of a liquid can be 
obtained by immersing a hydrometer in it and nokng the depth to which it sinks. 

In Twaddell’s hydrometer the graduations are placed at dis- 
tances from one another corresponding to equal differences in 
density. 

when using a hydrometer the containing vessel must be wide 
enough for the instrument to float freely without touching the sides. 

Specific gravities may be determine rather more accurately by 
means of a Westphal hydrostatic balance (fig. 124). 

This IS an instrument which indicates the specific gravity of a 
hquid by the relative loss of weight of a plummet of known 
volume when suspended in the hquid. The apparatus comprises a 
balance, a glass plummet which is commonly provided with a 
thermometric scale, a cylinder to contain the liquid to be tested, 
and two seta of weights m the form of riders which can be sus- 
pended on the graduated beam of the balance. The heaviest rider 
has exactly the same weight as that of the water displaced by the 
plummet at 15° C, The remaining riders weigh successively T\,th, 
f J^th, and xmnif'k of the first. The balance must be protected 
from draughts when used. It is adjusted, by means of the screw at 
its foot, BO that when the beam is oscillating, with the plummet 
suspended from the hook at the end, the pointer at the other end 
comes to rest exactly opposite the other pointer on the curved arm 
on the stand The cylinder is next filled with the liquid, at a 
temperature of 15° C , and the pointer is then brought back to 
the zero jiosition by suspending the riders on the graduated beam. 
If the specific gravity of the liquid is 1*0, this will be done by 
suspending the heaviest rider on the same hook as the plummet 
If eqmhbnum is produced when it is suspended at division 9 on the 
Fio 12S specific gravity is 0-9 If the specific gravity is greater 

— Hydro- than 1-0, having suspended the first heaviest rider at division 10, 
meter the second place of decimals is found by placing the second at some 
intermediate point Similarly, the third and fourth decimals are 
found by means of the lighter riders Rnally, the specific gravity is read off 
from the riders and their position on the scale 

The determination of the strength of a solution from its specific gravity is 
only reliable for pure substances If other soluble bodies are present, they will, 
naturally, affect the specific gravity of the solution and bo returned as the sub- 
stance itself. 

For accurate determinations the following method should be employed: 
A small quantity (about 5 grammes) of the acid is weighed in a stoppered weighing 
bottle and washed into a 250 c c. flask with distilled water. After cooling, the 
contents of the flask are made up to 250 c c. and well mixed. An ahquot part, 
e.g. 50 C.C., is then withdrawn and titrated with normal sodium hydroxide, with 
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methyl orange as indicator. Each cubic centimetre of normal alkali neutralises 
0-049 gramme of sulphuric acid. The chief impurities of sulphuric acid are 
lead sulphate, iron sulphate, and mtnc acid. Sodium sulphate may also be 
present, and sulphuric acid made from iron pyrites always contains arsenic. 
Lead sulphate may be detected by diluting the sample with water and letting 
the mixture stand, when insoluble lead sulphate will settle down. It may be 
estimated by filtering it ofi on a weighed Gooch crucible, washing with 1 per 
cent sulphunc acid, igmting gently and weighing. Lead sulphate, compounds 
of iron, or sodium sulphate remain when a small quantity of the acid is heated 
in a dish till all the sulphuric acid is expelled. The residue may be weighed. 
In a good sample of commercial acid it is very small, while in pure acid it is ml. 
Iron in this residue may be detected and estimated colorimetncally in the manner 
described for water. Nitric acid or oxides of nitrogen may be detected by 



Fro. 124 — Westphal hydrostabr balance 

means of the brown ring or diphenylamme tests If a dilute solution of ferrous 
sulphate be poured on to the surface of some of the strong acid in a test-tube, 
so that it floats on the surface, a brown ring is formed at the junction of the two 
liquids if nitnc acid is present. This is caused by the formation of nitnc oxide, 
which dissolves in the ferrous sulphate solution — 

6PeS04-t-3H*S04+2HN08=3Fe8(S0«)3-t-4H80-l-2N0. 

The diphenylamme test is more dehcate A small quantity of the reagent 
is dissolved in pure sulphuric acid and the solution added to some of the acid 
to be tested If nitric acid he present an intense blue colour is produced Nitric 
acid may be estimated by several methods. 

The nitrometer method depends upon the fact that when nitric acid is shaken 
with metallic mercury m the presence of sulphuric acid, nitric oxide is produced — 

2HN0s-t-3H*S04-f3Hg=3HgS04-|-2N0-t-4Hg0. 

A nitrometer (fig. 125) is filled with clean mercury. Pive c.o., or a known 
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weight, of the strong sulphuric acid are placed in the cup (/), and allowed to 
enter the nitrometer by careful manipulation of the three-way tap, taking care 
that no air is included. The graduated tube (a) of the nitrometer is then taken 
in the right hand and, resting it on the left, is depressed to an angle of from 
45° to 60°, at the same time bringing the liquid into contact with the mercury 
by a rotatory movement of the right hand. The upper portion of the mercury 
should be broken up into small globules for reduction of the nitrate to take place. 
This agitation is continued till no increase in the volume of gas liberated can 
be observed. The tube is then replaced in the stand and the mtnc oxide brought 
to atmosphenc temperature The level of the mercury in the open tube (6) is 
adjusted till the gas is under atmosphenc pressure, its volume read of! and 
corrected for temperature and pressure For example, 5 o c of sulphuric acid 
gave 3‘3 c c. of mtnc oxide The atmospheric pressure was 




766 mm. and temperature 20° C 
^ and 760 mm pressure is 

3-3x 273 x 766 
293x760 ' 


Hence the volume at 0° C. 


One 0 c. of mtric oxide at 0° C. and 760 mm. pressure 
contains 0-000625 gramme of nitrogen or 0-00282 gramme of 
mtnc acid. 

A simpler method is to reduce the mtnc acid to ammonia 
and estimate this by distilhng it into decinormal acid and 
titrating Five c.c. of the acid are placed in a flask, diluted 
to about 50 c.c with water, and 5 grammes of reduced iron 
are added. When efiervescenoe has ceased, the ammonia 
produced by the reduction of the mtnc acid (present as 
ammonium sulphate) is estimated in the same way as in the 
Kjeldahl process The indigo-carmine process is also very 
simple and rapid. Five grammes of indigo carmine are made 
into a paste with water and dissolved in 1 litre of 5 per 
cent sulphunc acid A standard solution of potas.sium 
nitrate containing 0-722 gramme per litre is also prepared 
ri« liu— gramme nitrogen). The mdigo-carmine solution 

Nitronietor standardised by placing 5 c.c of the nitrate solution 

in a beaker or dish, warming, and running m the indigo carmine 
from a burette with constant stirring till the blue colour is just permanent From 
the volume used the amount of nitric acid equivalent to each cubic centimetre 
solution can be determined. Five c c , or a known weight, of the sulphuric acid 
are then placed in the dish, diluted with water, and titrated m the same way 
Hydrochloric acid, HCl, which is a gas at ordinary temperatures, is formed 
when a mixture of equal volumes of hydrogen and chlonne is exposed to sunlight, 
or the light from burning magnesium. Under these conditions the combination 
takes place with such rapidity as to produce an explosion Hydrochloric acid 
is also produced when chlorine acts on many orgamc bodies containing hydrogen. 
If a piece of filter-paper be moistened with turpentine and placed in a jar of 
chlorine gas, the turpentine is at once decomposed with the production of hydro- 
chlonc acid, and the heat produced is sufficient to ignite the paper. Hydrochloric 
acid is also produced when a chloride is treated with sulphuric acid. In the case of 
sodium chloride, if the action takes place at ordinary temperatures, sodium hydro- 
gen sulphate is formed — 

NaCl-f-H^ 04 =NaHS 04 -fHCl. 
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But at high temperatures the sodium acid sulphate decomposes another 
molecule of sodium chloride, more hydrochloric acid Being evolved — 

NaHS 04 +NaCl=Na^ 0 *+HCl. 

Commercial hydrochloric acid is obtained in this manner as a by-product in 
the manufacture of sodium carbonate by the Leblanc process (q.v ), the gas 
produced being dissolved in water. The solution contains from 30 to 32 per 
cent of hydrochloric acid, and has a specific gravity of about 1-16. The maximum 
quantity which water will dissolve corresponds to a specific gravity of 1-21 or 
43 per cent, of real hydrochloric acid At 0 ° C. 1 volume of water dissolves 
625 volumes of hydrochloric acid gas. Commercial hydrochloric acid, also 
termed spirits of salt and muriatic acid, is a yellow liquid, its colour being due to 
the presence of impurities The chief of these are sodium sulphate and chloride, 
iron, arsenic, oxides of nitrogen, and free chlorine The Castner-Kellner Co. 
have recently introduced a very pure form of hydrochloric acid, termed synthetic, 
made by the direct union of hydrogen and chlorine When a saturated aqueous 
solution of hydrochloric acid is exposed to air, some of the gas is given off This 
becoming partly condensed, gives rise to what are known as fumes. The aqueous 
solution has a strongly acid reaction to htmus, and an acid taste When a dilute 
aqueous solution of hydrochloric acid is boiled, it at first loses only water until 
the concentration of the acid rises to 20*24 per cent When this point is reached, 
the iiqihd distils over unchanged at a constant boiling-point of 110° C at atmo- 
spheric jiressure I'onverscly, when a concentrated solution is boiled, hydro- 
chloric acid gas is first given off till the mixture contains 20*24 per cent 
of acid The strength of the acid at this constant boiling-point corresjioiids to 
the formula HCl SHgO. Hydrochloric acid is monobasic It neutralises buses, 
oxides, or hydroxides, forming salts termed chlorides — 

CaO -t-2HCl=(’aCljj-(-HjO, 
Ca(OH)j,d-2HCl=t'aC]g-|-2HijO. 

The chlorides are, with few exceptions, readily soluble iii water Among 
the more important are sodium chloride, NaCl, calcium chloride, CaClg, barium 
chloride, Bal'lj , magnesium chloride, MgClg , aluminium chloride, AI 2 CI 4 ; 
and zinc chloride, ZnClj These compounds will be referred to again in 
Chapter XXIX 

TTie Analysis of Hydrochloric Acid. — The approximate strength of a 
sample of commercial hydrochloric acid may be ascertained by taking its specific 
gravity at 15° C by means of a hydrometer and referring to table on p 342 

For u more exact estimation the titration method should be employed From 
10 to 20 c.c of the sample are weighed in a stoppered weighing bottle, washed 
into a 500 c c flask, and diluted to the mark with distilled water. A convement 
volume IS then withdrawn with a pipette and titrated with normal sodium 
. hydroxide, using methyl orange as indicator Each cubic centimetre of normal 
alkali neutralises 0*0365 gramme of hydrochloric acid 

For the determination of salts* a weighed quantity of the acid is evaporated 
to dryness on a water-bath in a weighed silica or platinum dish. The residue 
IS igmted gently, cooled, and weighed. It is then dissolved in water, filtered if 
necessary, and made up to a de&ite volume Sodium chloride is determined 
in a portion of the solution by titration with decinormal silver nitrate solution 
with potassium chromate as indicator (factor 1 c.c. H /10 silver nitrate=0'00685 
gramme sodium chloride). A second portion is placed in a beaker, made acid 
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with hydrochloric acid, and precipitated at the boihng-point with barium chloride 
solution. Any barium sulphate formed is filtered ofi , washed, igmted, and weighed. 
Iron may be estimated colorimetrically by means of potassium ferrocyamde in 
another portion of the solution Free chlorine is detected in the original sample 
by diluting a portion and adding a little potassium iodide and starch solution. 
Nitric acid may be recognised by the brown ring or diphenylamme tests. 

Occasionally free sulphuric acid is present. This is rather difficult to estimate 
in the presence of hydrochlonc acid and sodium sulphate. The following method 
is suitable : — 

1 . First, determine the total acidity by titration. 

2 Then estimate the total sulphates by precipitation with barium chloride 
solution. 

3 Finally, determine sodium sulphate m the residue after evaporation and 
Ignition. 

The difference between the total SO3 and that in the residue is converted 
into free sulphuric acid. The equivalent of this in normal sodium hydroxide is 
then deducted from the total acidity obtained by titration, the difference being 
acidity due to hydrochloric acid alone. 

Nitric Acid, HNOg, or a</yaJoifis, is made by heating a mixture of sodium 
nitrate and sulphuric acid to about 1(XJ“ 0 in cast-iron retorts and condensing 
the vapour which distils over The reaction takes place in two stages, acid 
sodium sulphate being produced at low temperatures — 

NaN03+Hj804=NaH804-|-HN08, 

2NaN03-|-HjS04=Nag804-f2HN03 

The nitric acid distils over and condenses to a brownish liquid This brown 
colour IS due to the jireseiice of oxides of mtrogen, which are produced by the 
action of heat on mtnc acid — 

4HN03=4N0a-(-2Hij0+0*. 

nitrogen peroxide 

Nitric acid containing dissolved oxides of nitrogen is termed “ fuming ” 
nitric acid The commercial acid is purified by mixing it with concentrated 
sulphuric acid and redistilling The oxides of nitrogen are driven out by heating 
the acid and blowing air through it. Pure mtnc acid is a colourless liquid which 
has a specific gravity of 1 -bfi at 0° C It is hygroscopic, and fumes when brought 
into contact with moist air. It is soluble in water in all proportions When it 
IS mixed with cold water, heat is evolved and subsequent contraction takes place, 
us m the case of sulphuric acid. The greatest contraction occurs when nitric 
acid and water are present m the proportions of HNOg SHgO. Pure mtnc acid 
boils at 86° C. at atmosphenc pressure, but an aqueous solution behaves in the 
same manner as one of hydrochloric acid when heated Concentrated solutions 
lose acid and dilute solutions water till a solution containing 68 per cent, of acid 
IB produced which distils unchanged at 120-5° C., and has a specific gravity of 
1-414. 

Nitric acid is both an acid and a powerful oxidising agent. It owes its 
oxidising properties to the readiness with which it is decomposed into oxides of 
mtrogen and oxygen. Nitric acid is a compound of nitrogen pentoxide, NgOg, 
with water — 


N305+H30=2HN03. 
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Nitrogen pentoxide, or nitric anhydride, can be made by mixing nitric acid 
with pbosphoruB pentoxide, P2O5, in a retort and beating the mixture gently. 
Phosphorus pentoxide is a very powerful dehydrating agent. It takes water 
from the nitnc acid forming metaphosphonc acid, HPO3 — 

2HN03+P20s=N20s+2HP0,. 

When the retort is heated to about 47 “ C. the nitrogen pentoxide passes over 
and is condensed in ice cooled water. When the distillate is frozen, crystals of 
nitrogen pentoxide are produced. Nitrogen pentoxide is an unstable body, 
breaking down readily into oxygen and nitrogen peroxide, NO3 — 

2N30b=4N03+03. 

This nitrogen peroxide can also give up oxygen under suitable conditions, 
becoming changed into a gaseous oxide termed nitric oxide, NO — 

2N03=2N0+03. 

Hence, when nitric acid acts as an oxidising agent, nitric oxide, NO, is generally 
produced Thus 

S+2HN0g=H3S04+2N0 

2FeSg+10HNOa=Fe3(8O4)3+-H3SOg+10NO+4H3O. 

But when nitric oxide comes into contact with air it combines with oxygen, 
forming red fumes of nitrogen peroxide — 

N0+0=N03 

Nitric ucid is used 111 the laboratory both for destroying organic matter and 
as ail oxidising agent 

Its oxidising action on cellulose has been described already When nitric 
acid IS mixed with hydrochloric acid, free or nascent chlorine and mtrosyl-chlonde 
are produced — 

HN03+3Ht1=2H*0+N0ai+Cl3. 

This mixture is known as aqw regia, and is the most powerful solvent 
known for metals, attacking even gold and platinum, forming soluble chlorides. 
When nitric acid is treated with nascent hydrogen it is reduced to mtrous acid, 
HNOg, and finally to ammonia Thus, when some dilute sulphuric acid and 
reduced iron arc added to a cold dilute solution of nitric acid, ammonium sul2)hatc 
IS produced — 

2HN03+«H*=2NHsH-6H30, 

2NH3-f H38O4 - (NHglgSOg. 

This reaction is made use of in the estimation of nitrates or nitric acid 

Nitric acid is monobasic Its salts, the mtrates, are characterised by their 
invariable solubility in water. They are formed by treating nitric acid with basic 
metalhc oxides, hydroxide, or carbonates Most of the metals are attacked or dis- 
solved by nitric acid, but owing to its oxidising properties, secondary reactions 
often take jilace and no hydrogen is evolved Dilute nitric acid dissolves tin, 
forming a nitrate, SnlNOj)*, but when strong acid is used, tin oxide, BnOg, is 
formed, when nitric acid acts on metallic mercury, either mercurous nitrate, 
Hg{NOg)2, or HggfNOglg, is formed, according to whether excess of mercury or mtric 
acid be present. In all of these cases the hydrogen, instead of being liberated, 
reduces some of the nitric acid to nitrogen peroxide or a lower oxide of nitrogen. 
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By selecting suitable metals and using moderately dilute acid all of the oxides 
of nitrogen may be prepared. Thus . 

4HN03+Sn =Sn02+2H20+4N0j, nitrogen peroxide. 
6HN03+4Ag=4AgN02+3H20+Nj0j, nitrogen trioxide. 
8HN03+3 Cu= 3 Cu(N 03)2+4H20+2N0, nitrogen dioxide or nitno oxide. 
10HNO84-4Zn=4Zn(NO3)2-)-5H2O-i-N2O, nitrogen monoxide. 

Analysis of Nitric Acid. — The following table gives the specific gravities of 
solutions of nitno acid in water — 

Table showing the Strength of Nitric Acid of Various Specific 

Gravities. 


Tfae numberB marked * are the results of direct observations ; the others are obtained by 
interpolation. 


HNO, 

Specific Gravity. 

HNO, 

Specifio Qravity. 

HNO, 

Speoifio Gravity. 

percent. 

At0°. 

At 16°. 

percent. 

At0«. 

At 16° 

percent 

At 6°. 

At 16°. 



1 630 

72 39* 

1 465* 


46 00 

1 300 

1284 

99 84* 

1 659* 

1630* 

71 24* 

1450* 


43 53* 

1291* 

1274* 

99 72* 

1 6.')8* 

1 330* 

69 96 

1444 

■IMa 

42 00 

1-280 

1264 


1667* 

1 .629* 

09 20* 

1441 

1419* 

4100 

1274 

1267 

97 89* 

1651* 

1 523* 

68 00 

1435 

1 414 

40 00 

1267 

1261 

97 00 

1548 

1 620 

67 00 

1430 

1 410 

39 00 

1260 

1244 

90 00 

1644 

1616 

66 00 

1426 

1406 

37 96* 

1263* 

1237* 

98 27* 

1642* 

1 614* 

66 07* 

1 420* 

1 400* 

36 00 

1240 

1226 

94 00 

1 637 

1 609 

64 00 


1 396 

35-00 

1234 

1218 

93 01* 

1633* 

1 600* 

63 59 

1413 

1393 

33-86* 

1226* 

1211* 

92 00 

1 629 

1603 

62 00 

1404 

1386 

32 00 

1214 

1 198 

9100 

1626 

I 499 

01 21* 

1400* 

1 381* 

3100 

1 207 

1 192 

90 00 

1622 

1403 

00 00 

1393 

1374 

30 00 

1200 

1 186 

89 66* 

1621* 

1494* 

30-59* 

1391* 

1-372* 

29-00 

M94 

1 179 

8800 

1614 

1 488 

68 88 

1-387 

1 368 

28 00* 

1 187* 

1 172* 

87-46* 

1613* 

1486* 

68 00 

1-382 

1 363 

27 00 

1 180 

1 166 

8017* 

1607* 

1482* 

57 00 

1376 

1 368 

25 71* 

1 171* 

1 167* 

86 00 

1603 

1478 

66 10* 

1 371* 

1353* 

23 00 

1-163 

1 138 

84 00 

1490 

1474 

66 00 

1366 

1346 

20 00 

1 132 

1 120 

83 00 

1-496 

1470 

64 00 

1369 

1.341 

17 47* 

1 116* 

1-106* 

82 00 

1-492 

1 467 

63 81 

I 368 

1 339 

1600 

1099 

1080 

80 96* 

1-488* 

1 463* 

63 00 

1 363 

1336 

13 00 

1086 

1077 

80 00 

1484 

1460 

62 33* 

1349* 

1-331* 

1141* 

1-076 

1067* 

79 00 

1-481 

1 466 

60 99* 

1341* 

1-323* 

7 22* 

1060 

1045* 

77 60 

1476 

1461 

49 97 

1334 

1317 

400 

1026 

1-022 

70 00 

1-409 

1-445 

49 00 

1-328 

1312 

200 

1013 

1010 

76 00 

74-01* 

73-00 

1466 

1-462* 

1-467 

1-442 

1-438* 

1-436 

48 00 
4718* 
46 64 

1321 

1-316* 

1-312 

1 304 

1-298* 

1295 

000 

1000 

0999 


Nitric acid is estimated by titration m the manner descnbed for hydro- 
chloric acid (1 c.c N/1 alkali=0'063 gramme of mtnc acid). 

Sulphuric acid and salts can also be tested for in the same way. 

Acetic add, CHgCOOH, may be made by oxidising either aldehyde or 
alcohol by means of air in the presence of platinum black, or by an acid solution 
of potassium permanganate — 

CHaCHO+O^CHgCOOH, 

CH3.CH20H-f0,=CH,C00H-fHa0. 
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Alcohol IS also converted into acetic acid by a piocess of fermentation brought 
about hy Mycudt I ma aceli, and this is made use of in the manufacture of vinegar. 
A dilute extract of malt in water is fermented, by means of yeast, till the sugar 
it contains is changed into alcohol The alcohol solution is then allowed to 
trickle over wooden chips of twigs upon which Mycodcrnm aceti (or mother of 
vinegar) is growing, air at the same time being supphed Only dilute solutions 
of acetic acid can be obtamed in this way, since the ferment will not act in 
(onccntrated solution of either alcohol or acetic and Ymegar contains from 
4 to b per cent of acetic acid 

Commercial acetic acid is made, commonly, from “ pyroligneous ” acid, which 
IS obtained when wood is distilled in a closed retort A mixture of bodies, 
including methyl alcohol, CH3OH, acetone, CHjCOCHg, acetic acid, and tar is 
obtained, while charcoal remains m the retort If the vapouis are passed 
through hot milk of lime the acetic acid forms calcium acetate, while the volatile 
alcohol and acetone pass on and are afterwards condensed The calcium acetate 
thus obtamed is distilled with hydrochloric acid and the ac etic acid c ondensed — 

(CH3000)2Ca-t 2HCl=2Cll3000H-f C’aCl^ 

Pure acetic acid is prepared from this commercial product by neutralising 
it with potassium carbonate and crystallising the potassium acetate This is 
'then heated till it is anhydrous and distilled with pure sulphuric acid Acetic 
acid IS a colourless liquid which crystallises at 16 7° C and boils at 1 18'’ C Its 
specific gravity at 0” C is 1 080 The crystalline acid is known as ‘ glacial ” 
acetic acid The addition ol a little water lowers the molting point of the 
crystals considerably Acetic acid dissolves m water in all proportions When 
water is added to glacial acetic acid heat ns evolved, and on cooling the mixture 
its volume contracts The greatest contraction corresponds to the formula 
(CHsf'OOHlHjO Acetic acid is soluble also m alcohol or ethei It is itself 
a good solvent for many organic compounds such as cellulose acetates, and also 
some inorganic bodies such as iodine 

Acetic acid is not so “ stiong ” an acid as the common mineral a( ids Thus, 
it does not decompose sodium sulphate But it liberates carbonic acid from 
carbonates — , 

CaCOgd 2CH3COOH-(CH3COO)g(’a f CO3+H3O 

It does not tender cotton like the strong acids, but 111 very dilute solutions 
produ( cs a ‘ scroop ’ It dissolves many metals forming ai etates and liberating 
hydrogen A mixture of iron .iiid acetic acid is used as a reducing agent— 

Fe f 2t HjCOOll Fc(CH3t'00 II3 

Aceta atid is monobasic The acetates are generally soluble crystalliiie 
compounds which are readily decomposed by stronger acids with the libeiation 
of acetic acid 

CH3COONad HCl=Na01+CH3C00H 

Acetic acid may be identified by changing it into ethyl acetate, which has a 
characteristic smell Moreover, when a solution of acetic acid is boiled, the 
acid IS expelled and has itself the characteristic smell of vinegar If acetic 
acid be mixed with a little alcohol and sulphuric acid and the mixture warmed 
gently, ethyl acetate is produced- 

CH3COOH+C,HjOH=CH3COOCjHe+HjO 

To detect acetic acid in a dilute solution it should be neutralised with sodium 
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hydroxide and evaporated to dryneHH. The residue is then placed m a test-tube 
with a little alcohol and a slight excess of strong sulphuric acid, and warmed 
gently 

When a solution of acetic acid is exactly neutralised with sodium hydroxide 
and a neutralised solution of feme chloride is added, a red colour, due to ferric 
acetate, is produced. If the mixture be boiled, a more basic salt is precipitated 
and acetic acid is liberated. At the same time, unless excess of feme chloride 
18 present, the solution becomes colourless The reactions are — 

FeCl3-f3CHaCOONa=3NaCl-|-(CH3COO)3Fe, 

(CH3COO)3Fe-fHjO=(CH3COO)3(OH)Fe-t-CHjC'OOH. 

Estimation of Acetic Acid. — Acetic acid containing water corresjionding 
to the formula C3H4O2 H3O has a greater specific gravity than the anhydrous 
acid Owing to this fact the strength of a concentrated solution of acetic acid 
cannot be determined from the density, although the method may be used for 
dilute solutions The following table, due to Ondemanns and Mohr, is given by 
Allen {Commercted Organus Analysis, vol. 1 ) : — 


Mpkoific (Jkavitiks or Soi.iitionm of Acew Acid. 


0 ,H 40 , 

JKT OCJlt 

iSiK'oilic (Iravity 

jKT mil 

SjK-cilit, (iravity. 

UudcmaiiiiH 

Mohr. 

Oiidomanns, 

Mohr 

1 

1 (MHI7 

1001 

21 

10298 

■■■ 

2 

1 0022 

1002 

22 




1 (MKt? 

1004 

23 

1 0324 


4 


1005 

24 

1 0337 


r, 

10067 

1007 

25 

1 03.50 


(1 

J 0083 

1 008 

26 

1 0363 


7 


1 010 

27 

10376 


8 

10113 

1 012 

28 

10388 


9 

1 0127 

1 013 

29 

10400 . 


10 

1 0142 

1 015 

30 

1 0412 


11 

1 0157 

1010 

31 

10424 

1041 

12 

1 0171 

1 017 

32 

1 0436 

1 042 

13 

1 0185 

1018 

33 

1 0447 

I 044 

14 

1 0200 

1 020 

40 

1 0.523 

1 051 

15 

I 0214 

1 022 

50 

1 0015 

1 061 

16 

1 0228 

I 023 

00 


1 067 

17 

1 0242 

1 024 

70 


1 070 

18 

1 02.50 

1025 

77 


10736 

19 


1 026 

80 

1 0748 

1 0735 

20 

1-0284 

I 027 

90 

1 0713 

10730 




100 

10553 

10035 


It will be seen from this table that the specific gravities of 100 per cent, and 
43 per cent, are the same. The strength of a sample of acetic acid is determined 
by titration But acetic acid is not sensitive to methyl orange. Either phenol- 
phthalein or litmus must be used as the indicator. Each cubic centimetre of 
normal sodium hydroxide neutralises 0-06 gramme of acetic acid. 

Commercial acetic acid may contain the following impurities : Sulphuric 
acid and sulphates, sulphurous acid, hydrochloric acid and chlondes, copper 
and lead. Sulphuric acid or sulphates are indicated by the formation of a 
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precipitate with barium chloride aolution They are estimated m the manner 
deecnbed for hydrochloric acid Hydrochlonc acid and chlorides form a 
precipitate with silver nitrate solution If a weighed quantity of the acid be 
diluted with water, slightly acidified with nitnc acid, and boiled with excess 
of Sliver nitrate solution, the total chlondes present are precipitated as insoluble 
silver chloride This precipitate is filtered ofi on a silica gooch crucible, well 
washed, ignited very gently, and weighed The weight of silver chlonde obtained 
multiplied by 0 2479 gives the total chlorine present as chlorides and hydro- 
chloric acid If, then, some of the acid be evaporated to dryness, the chlorine 
jsresent as chlonde can be titrated in the residue by means of decinormal silver 
nitrate solution and potassium chromate 

Sulphurous acid can be detected and estimated by distilhng some of the acid 
with steam into bromine water This oxidises sulphurous to sulphuric acid 
A httle hydrochlonc acid is added to the distillate, which is then boiled till the 
excess of bromine is expelled Barium chlonde solution is then added and the 
boiling continued The precipitated banum sulphate is filtered ofi, weighed, 
and converted into sulphur dioxide, 80^, by multiplying by 0 274 

Calcium salts, which are occasionally present, may be precipitated as calcium 
oxalate by neutralising with ammoma and boiling with ammonium oxalate 
Copper and iron are indicated by their reactions with a solution of potassium 
ferrocyanidc This gives a reddish brown colour or precipitate in the presence 
of copjier If much iron be also present, this reaction may be masked by the 
blue colour due to the iron In this case the copper should be precqntated as 
sulphide bj means of sulphuretted hydrogen, the precipitate filtered off and 
identified by dissolving in nitric acid, evaporating to dryness and ajiplying the 
potassium ferroeyanide test to the residue 

Tartaric add (dihydroxy sutcmic acid), CH(OH)rOOH CH(OH)COOH, 
is used sometimes instead of acetu acid for producing scroop on bleached or 
mercerised cotton It occurs in mtiny fruits, notably in ripe grapes When 
grape juice is fermented in the manufacture of wine, potassium hydrogen tartrate 
(oi aigol) IS deposited Both tartaric acid and normal potassium taitrate are 
prepared from argol After purification by dissolving m hot w iter and crystal- 
lising, it IS boiled with calcium caiboiute or chalk A precipitate of insoluble 
calcium tartrate is produced, and normal j/otassium tartrate remains in the 
solution — 

2C*H509K+('a(’Oa=C*H40,(’adC’4H40eK,-ft’0»+H,0 

If the solution be treated with calcium chloride, more calc mm tartrate is 
formed togethei with potassium chloride — 

C4H40,K2-l-CaCli=C4H40.Ca i-2KCl 

When calcium tartrate obtained by these reactions is treated with the 
necessary quantity of dilute sulphuric acid, tartaric acid is liberated, and since 
it 18 soluble, it can be removed by filtration from the sparingly soluble calcium 
sulphate and purified by crystalhsation — 

CeH 40 ,Ca-f H 2 S 04 =CeH, 0 a-t CaSOi 

Tartaric acid is a c olourless crystallme soluble substance melting at 1 67° C , 
but becoming at the same time charred It dissolves also in alcohol, but is 
insoluble in ether When treated with concentrated sulphuric acid it dissolves 
and becomes charred The reactaon takes place very rapidly if the mixture be 
heated, a black mass of carbon being produced Tartenc acid is dibasic, forming 
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both acid and normal salts. Potassium hydrogen tartrate (argol or cream of 
tartar) is used m dyeing. It is only sparingly soluble in cold water. Rochelle 
salt or potassium sodium tartrate, C4H40,KNa 4HgO, is used in making Fehling 
solution. Potassium antimony tartrate (tartar emetic) is of importance also, 
since it is used for fixing tannic acid in the mordanting cotton. Its formula is 
C 4 H 40 eK(Sb 0 )iHs, 0 . 

Oxalic acidt CgH204, or COOH, is a colourless crystalline substance which 
COOH 

crystalhses with two molecules of water, C2H2O4 2H2O. It is made by heating 
sawdust with caustic potash, potassium oxalate being formed as one product. 
The fused mass is extracted with water and filtered. The filtrate is then heated 
with lime, when insoluble calcium oxalate is produced — 

C 204 Ka+Ca( 0 H)j= 2 K 0 H+CaCg 04 

The calcium oxalate is collected and decomposed with dilute sulphuric acid. 
After concentration, the calcium sulphate is filtered oi! and the oxalic acid 
allowed to crystallise. 

Oxalic acid is fairly soluble in water ; at 10° C 100 parts of water dissolve 
8 of the acid. The aqueous solution has a strongly acid reaction. Oxahc acid 
is dibasic, giving two potassium salts, COOH COOK and (COOKlg. 

When heated with strong sulphuric acid, it is decomposed into a mixture of 
carbon dioxide and carbon monoxide — 

C* 04 H 2 -H,O=COj+C 0 . 

When treated with potassium permanganate in the presence of sulphuric acid, 
it yields carbon dioxide — 

5CaO4Ha+2KMnO4+3H28O4=10COa+8H2O+K2SO4+2MnSO4. 

With the exception of the salt of the alkali metals and ammonium, the 
oxalates are generally insoluble in water But the iron salts are comparatively 
soluble Salts of lemon, or acid potasiuum oxalate, C2O4HK Ca04Hg 2HaO, 
IS used to remove iron stains from fabrics Calcium oxalate, Cg04Ca, is of 
importance in the estimation of calcium. 

Lime (Calcium Oxide), CaO. — Lime is mode by igniting (known as “ burn- 
ing ”) chalk or limestone in a kiln — 

CaCOg^CaO-t-COg. 

The reaction is reversible, calcium carbonate being re-formed when hme 
IS brought into contact with carbon dioxide at ordinary temperatures. When 
made from chalk, comparatively pure calcium oxide is obtained, but many 
limestones contain magnesium carbonate and, sometimes, compounds of iron 
and aluminium, in the form of clay When clay limestones are burnt, " hydraulic ” 
lime or cement is produced which is capable of setting under water. 

Commercial calcium oxide, or quicklime, is a white substance generally in 
the form of lumps. It combines readily with water, forming calcium hydroxide, 
or slaked hme, the reaction being accompanied by the evolution of much heat. 

Calcium hydroxide has a strongly alkaline reaction, caustic properties, and 
is a typical base 

l^en a small quantity of water is poured upon hme the combination with 
water is accompanied by the evolution of heat, causing part of the water to be 
converted into steam The slaking of lime is more rapid at high than at low 
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temperatures, even magnesia slaking in about six hours at 100“ C. At ordinary 
temperatures, forty-eight hours is often necessary, while magnesia requires some 
weeks For the rapid slaking of lime it is important to use neither too much 
nor too little water If too little is used, the lime will only be partly slaked, and 
this will cake and protect the remamder from the action of the water On the 
other hand, too great an excess of water lowers the temperature This hinders 
the slaking, and the mass does not readily powder as it slakes The best plan 
18 to put the lime in a shallow vessel with ]ust enough water to thoroughly wet 
it, and after twenty-four hours add sufficient to convert it into a stiff paste 
(Procter, Pnnctplei of Leather Manufadture, p 123) In the form of a paste 
it keeps well and may be dug out as required When stored dry, it rapidly 
absorbs carbon dioxide from the air and becomes useless 

Lime IS only slightly soluble in water, a saturated solution containing approxi- 
mately 1 gramme per litre The solubility diminishes with rise of temperature. 
In the presence of magnesia, stronger solutions are obtained than from pure 
lime, the magnesia being soluble in a saturated solution of calcium hydroxide 
The following table (Guthne, J S C 1 , 1901, p 224) shows the effect of tempera- 
ture on the solubility of lime in water — 

100 0 0 of saturate d lime water ot 5" C contain 0 1160 grm of CaO 
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A saturated solution of hme in water at 15° C is approximately a N/20 
solution A solution of cane sugar m water dissolves lime much more readily 
than water alone, forming calcium sacc harosate, CigHgofCaOHlgOji The 
solution, like that in water, has strongly marked alkaline properties, and is 
decom])osed by carbon dioxide, sucrose and calcium carbonate being formed 
Calcium hydroxide has the power of saponifying fats, but insoluble calcium 
soaps are produced With triolein the reaction is expressed by the equation 

2(C„H33COO)3CjHg+3Ca(OH)g=2C3H6(OH)3-f3((\,H3,COO)gCa 

Lime IS used m two forms, viz (1) milk of lime, and (2) lime water 
Mill of Ime consists of very findy ground lime suspended in water The 
lime, having been ground, is mixed with water in a mechanical mixer till it has 
the c oiisistency of thin cream Great caire must be taken to ensure that no 
unslaked lumps or small particles are left When using milk of hme, the quantity 
required for each operation should be weighed out and the whole of it used. 
Milk of lime is very difficult to measure, owing to the rapidity with which it 
settles This forms the chief objection to its use Another is that one is using 
a solid reagent of only limited solubihty, and, hence, its complete action can only 
be ensured bv very thorough mixing with the water 

Lunc WaUi — The difficulties connected with the use of milk of lime can be 
overcome to a certain extent Jby substituting saturated lime water, which has 
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also a distinct advantage, namely, that the reagent is introduced in solution, 
instead of being merely suspended in water as is the case with milk of lime. The 
disadvantages attending the use of lime water are, first, the large volume which 
is necessary, owing to the limited solubility of calcium oxide in water; and, 
secondly, the difficulty of obtaining a solution of constant concentration. When 
hme water is used in water softening, it is generally made in an automatic satu- 
rator, through which a continuous stream of water flows, governed by an auto- 
matic valve connected with the precipitation chamber. 

Commercial lime vanes in composition, according to the nature of the lime- 
stone from which it is made. A good sample should contain at least 95 per cent, 
of calcium oxide. Lime made from a limestone which contains magnesium 
carbonate will be contaminated with magnesium oxide This is of no use either 
for water softening or for lye boiling. 

When magnesia is present in lime used for lye boiling it may cause tendering, 
owing to the slowness with which it combines with water. If lime has been 
underbumt n considerable proportion’ of Funchanged’ calcium carbonate may 
remain, while if overburnt some of the hme may be converted into calcium 
Bibcate. 

The following percentage analyses of good and bad limes illustrate the 
variations met with : — 
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The Analysis of Lime. — The most important determination is the per- 
centage of calcium oxide, generally termed “ available hme ” For this, 1 gramme 
of the sample, very finelv powdered, is washed into a litre flask with a little 
carbon dioxide free distilled water. Sufficient boiling distilled water is then 
added to bnng the volume to 1000 c.c. The stopper is replaced and the contents 
of the flask mixed frequently during the next six hours The volume is then 
adjusted to the mark with cold carbon dioxide free water and, after mixing again, 
allowed to settle Fifty c.c. of the clear solution are withdrawn and titrated 
with decinormal acid, using phenolphthalein os indicator Each cubic centimetre 
used corresponds to 0-0028 gramme of calcium oxide If a solution of cane 
sugar be used a greater weigM than I gramme may be taken. The following 
process is recommended by Heridnck (Analyd, 1907, p. 324) In a 500 c.c. 
flask are placed 10 c c. of alcohol, and 5 grammes of the finely powdered hme are 
added. The flask is filled to the mark with a 10 per cent solution of cane sugar, 
and at once placed on a shaker and shaken for at least four hours. A portion 
is then filtered rapidly and titrated with decinormal hydrochlonc acid, using 
methyl orange as indicator It may be noted that a solution of cane sugar does 
not dissolve magnesium oxide. 

Carbon diomAe may be determined gravimetrically by means of Schrotter’s 
apparatus. This is essentially a flask with three openings — ^that at A (fig 126) 
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dosed by a glass stopper, is for the introduction of a weighed quantity of the 
substance ; at B, a tap-funnel (also closed with a stopper) admits dilute sulphuric 
acid ; C is a tube which allows the liberated CO* to escape after thorough drying 
by the strong sulphuric acid it contains. From 2 to 3 grammes of the lime are 
weighed into the ^sk of the apparatus, the tap-funnel is nearly filled with dilute 
sulphuric acid, and the drying tube half filled with strong sulphuric acid. The 
stoppers, slightly greased, are inserted and the apparatus weighed. Acid from 
the funnel is then very slowly admitted to the fiask, so that the carbon dioxide 
escapes in single bubbles, passing through the strong sulphuno acid in the drying 
tube at a rate not faster than two per second. When effervescence has ceased 
the remaining dilute acid is run in, the tap opened, and the flask gradually heated 
until boiling just begins. At the same time the gaseous contents of the flask 
are aspirated by connecting the tube at the top of the drying apparatus with' 
an aspirator or simply sucking carefully with the mouth Aspiration must 
not be unduly prolonged. When at an end, the stopper is replaced in the tap- 
funnel, the apparatus allowed to cool and then weight To prevent the strong 
sulphuric acid m the drying tube from absorbing moisture from the air, it should 
be closed during weighing by a bit of rubber tubing plugged with 
a glass rod. The loss of weight of the apparatus is the amount 
of carbon dioxide in the weight of lime taken. 

When the percentage of available lime is satisfactory a more 
detailed analjrsis is rarely necessary. But sometimes the estima- 
j tion of the remaining constituents is required. This may be 
earned out as follows . — 

1 Matter Insoluble in Hydrochloric Acid (chiefly 
Silica) . — ^About 6 grammes of the finely powdered sample are 
weighed into a porcelain dish, and about 25 c.e of hydrochloric 
Fro 126 — diluted with distilled water are added. The dish is covered 

Bohrotter’s With an inverted funnel, and after effervescence has ceased its 
apparatus contents boiled gently on a sand-bath for about fifteen minutes 
The funnel is then washed with distilled water, the washings 
being collected in the dish, the contents of which are evaporated to dryness on 
the water-bath, and finally baked in an air-oven to render the silica insoluble 
The residue is extracted with dilute hydrochloric acid and filtered into a 
250 c c flask, the filter being washed with distilled water till free from acid. 
The filter-paper containing the insoluble residue is burnt in a silica or platinum 
crucible and weighed 

2. Determination of Iron Oxide, Aiumina. — The filtrate is cooled and 
made up to 250 c c with distilled water Of this, 25 c c., i e 0'5 gramme of the 
sample, are withdrawn with a pipette, placed in a beaker, diluted with water, 
and made alkahne with ammonia. After boilmg gently for a few minutes, the 
insoluble hydroxides of aluminium and iron are filtered off, washed, dried, 
igmted, and weighed If it is necessary to determine iron oxide and alumina 
separately, a second 25 c c. is precipitated in the same way. The washed pre- 
cipitate 18 transferred to a beaker, a litfle sodium peroxide (free from iron) is 
added, and the contents of the beaker boiled gently This converts the alumina 
into sodium aluminate, which is soluble in water, but leaves the ferric hydroxide 
unchanged ^ The latter is filtered off, washed, ignited, and weighed. The alumina 
IS then obtained by difference. 

• Calcium. — The filtrate obtained above is heated until 

it boils, and 2 grammes of finely powdered ammonium oxalate are then slowly 
added, with constant stimng, the flame being removed meanwhile. The glass 
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rod used for stirring is now rinsed into the beaker with distilled water, the con- 
tents of the beaker boiled for about two minutes, which causes the precipitate 
to become dense and more easy to filter. After standing for about half an hour, 
the supernatant liquid is filtered through a hard filter-jiaper, the precijiitate 
before transferring to the filter being washed as completely as possible by de- 
cantation. The precipitate is dried, ignited, and weighed either as carbonate 
or lime, as already described for water. 

Magnesium — The filtrate from the lime precipitate is transferred to a conical 
flask fltted with a weU-fitting rubber bung. Sodium phosphate is now added 
(Na 2 HP 04 ) and excess of ammonia, the contents of the flask thoroughly shaken 
for about twenty minutes and then allowed to stand overnight. The resulting 
precipitate of ammonium-magnesium phosphate is filtered ofl and washed with 
a mixture of 1 part of strong ammonia to 3 of water. The washed precipitate 
IS dried, ignited, and weighed as pyrophosphate, the allowance being made as 
usual, for the solubility of the precipitate in ammonia. 

Sulphates — These arc determine in .50 cc of the original solution in the 
same manner as in water 

Chhrvles may be detected in the aqueous solution used in the determination 
of available lime by acidifying with nitric acid and adding silver nitrate solution 
If present, thev are estimated by dissolving a weighed quantity of the lime in 
dilute nitric acid, filtering, and precipitating with silver nitrate solution at the 
boiling'jioint The precipitate may be collected on a weighed silica Gooch 
crucible, dnod, gently ignited, and weighed. 

Barium hydroxide, BafOHlj, is used, sometimes, to replace lime and 
sodium carbonate in water softening. It is made by heating witherite (which 
IS naturally occurring barium carbonate) and slaking the residual barium oxide. 
It inav be made, also, directly by heating the carbonate with superheated steam. 
Barium hydroxide is a white solid substance which is more soluble in water 
than calcium hydroxide, 100 parts of water at 100° C dissolving 101 -4 of the 
hydroxide The aqueous solution has an alkaline reaction and, when saturated, 
deposits gradually crystals with the composition BafOHlgBH^O. When heated, 
barium hydroxide becomes dehydrated, forming barium oxide, BaO Barium 
hydroxide, as a reagent for .softening water, has certain advantages over sodium 
hydroxide and sodium carbonate Except in the case of magnesium chloride, 
it removes all kinds of hardness without leaving any soluble salt m solution. 
In this case, however, the barium chlonde which is formed is very stable and 
unobjectionable With sulphates of calcium and magnesium insoluble barium 
sulphate is precipitated, while the calcium hydroxide simultaneoasly formed is 
available for the removal of the temporary hardness The reactions with 
temporary and permanent hardness are — 

Ca(HC 03 ) 2 +Ba( 0 H)*-CaC 0 ,+BaC 03 -f 2 Hg 0 , 

CaS 04 -)-Ba( 0 H)g=BaS 04 -f-Ca( 0 H)g, 

MgCl3+Ba(OH)*=BaCl4+Mg(OH)2. 

In many cases the calcium hydroxide produced by the decomposition of 
calcium sulphate is sufficient to remove all the temporary hardness Thus, it 
IS often only neces.sary to consider the permanent hardness When little calcium 
sulphate is present, sufficient barium hydroxide must be used to precipitate the 
temporary hardness remaining after the calcium hydroxide has been used up. 
The reagent is used in a solution of about 4 per cent, concentration. This 
solution must be made with soft water which has been boiled to expel carbon 
dioxide. It is standardised by titration with sulphuric acid. 
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Strontium hydroxide, Sr(0H)2, has been suggested as a substitute for 
sodium or rakiura hydroxide in lye boiling It is made by heating strontium 
earbon.ite with superheated steam Its projierties are very similar to those of 
the torrespoiiding hydroxides of calcium and barium It is a white solid 
substance which crystallises with 8 molecules of water Its solutions, when 
treated with hydrogen peroxide, yield crystalline strontium peroxide, SrO^ 8HgO 
The solubility of strontium hydroxide in water is intermediate between those 
of calcium and barium hydroxide It saponifies fats with greater facihty than 
c ale lum hydroxide 

Sodium hydroxide, or caustic soda, NaOH, is made by treating a solution 
of sodium carbonate in water with milk of lime — 

NagCOg f-Ca(OH)2-=2NaOH4 Ca(’0, 

The precipitated calcium carbonate is allowed to settle, .ind the solution of 
sodium hydroxide is drawn off and concentrated till it sets to <i solid mass when 
coolc'd It IS cast into sticks or liimjis, or ground to a powder Concentrated 
solutions of sodium hydroxide cannot be obLiined by this method, because the 
reaction is reversible, and, when a certain concentration is reached, the sodium 
hydroxide dec oniposes the c ale iiim c arbonate as cpuckly as it is formed 

Sodium hydroxide is prejiared, also, by electrolysing a solution of sodium 
chloride When an electric current is passed through a solution of sodium 
chloride, chlorine is liberated at the positive and sodium at the negative, 
c'lectrodo The sodium reacts with water, forming sodium hydroxide and hydrogen, 
the lattei escaping at the negative electrode Thus, a solution of sodium hy droxide 
collects round the electrode If the positive and negative electrodes are sepa- 
rated by a jioTous diaphragm, the chlonne gas and solution of sodium hydroxide 
may be collected se])arateiy The chlorine is used for the prejiarition of licpiid 
chlorine or bleaching jiowder Commercial sodium hydroxide is not a pure 
sulmtanc e It mav be purified bv dissolving it in alcohol, filtering the solution 
from the insoluble inijiunties, and evaporating the filtrite Sodium hydroxide 
IS a white, hard, solid substance, which is the hydroxide of the oxide NagO — 

NagO-fHgO=2NaOH 

When heated to a dull redness it melts, forming a hard, solid mass when .igain 
cooled It IS extremely deliquescent, attracting moisture from the .nr, forming 
a liquid mass Like all deliquescent bodies, it is very soluble in water, 1 part 
of hydroxide recjuiring only 0 47 parts When it dissolves, much heat is gener- 
ated, the maMinum corresponding to the proportions of hydroxide and water 
represented bv the formula NaOH 20HgO When caustic soda is dissolved in 
water it should be stirred in gradually, or a hard mass is formed which is difficult 
to deal with When large quantities have to be dissolved the substance is put, 
sometimes, into a perforated iron chamber which is suspended in a bath of 
water A scum, consisting of insoluble impurities, generally floats on the 
surface of a concentrated solution, while other impurities may form a sediment 
at the bottom of the vessel W'hen sodium hydroxide is exposed to air, it absorbs 
not only water, but carbon dioxide also, sodium carbonate or bicarbonate being 
formed Hence, it should be kept in air tight iron drums It cannot be kept m 
glass vessels, since it attacks the ni, forming sodium silicate An aqueous solution 
of sodium hydroxide is strongly alkaline in reaction and has caustic properties 
It destroys the cuticle of the skin and dissolves animal tissues, such as wool It 
is a typical base, neutralising acids with the formation of salts and w.iter, thus 

HgSO^d 2Na0H.=Na2804-f2Hg0. 
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When chlorine is passed into a cold solution of sodium hydroxide, a mixture 
of sodium chloride and sodium hypochlorite is produced, while if the solution 
of the sodium hydroxide is heated, sodium chlorate is obtained (Chapter XXV.). 
Aluminium and zinc are dissolved by a solution of sodium hydroxide with the 
liberation of hydrogen — 

2NaOH+Zn=H2+NajOgZn. 

A hot solution of sodium hydroxide also dissolves sulphur, giving a mixture 
of sodium sulphide and sodium thiosulphate — 

6Na0H+4S=2Na,8+NagSg08+3Hg0. 

When it is added to a solution of a metallic salt, a hydroxide of the metal 
18 produced, which is obtained as a precipitate if the hydroxide be insoluble in 
water or in excess of sodium hydroxide solution. Thus, copper and iron are 
precipitated — 

CuSO4+2Na0H=Cu(OH)8-f-Na8SO4. 

Some of the hydroxides, such as those of zinc and aluminium, which have 
both acid and basic properties, dissolve m excess of the reagent, giving salts of 
the metallic hydroxide — 

Al2(S04)3+6NaOH=Ala(OH)o+3NaaS04, 

Al8(OH)g+6NaOH=2Al(ONa)j+6HaO. 

sodium 

ahimmate 

Sodium hydroxide saponifies fats with the formation of soaps and glycerol. 
Thus, with olein — 

(Ci,H33COO)3C3Hs+3NaOH=3C„H3jCOONa+C3H5(OH)s. 

Commercial caustic soda is sold either in solution or as a solid. It is sold, 
generally, on the percentage of sodium oxide, NsgO, which it contains. This 
IS stated m two ways, namely, (1) as a percentage, and (2) in degrees, te the 
percentage of sodium oxide plus one 

The difierent grades have usually the following strength in degrees 60, 70, 
76 to 77 In the powdered form it may also be obtained contaimng 98 to 99 per 
cent, of NugO. This method of valuation assumes that the whole of the oxide 
IS present as hydroxide, which is, of course, not necessarily the case, but in good 
varieties the percentage of carbonate is small. The higher grades, though 
more expensive, are always worth the extra cost The chief impurities are 
sodium carbonate, chloride, sulphate, silicate, aluniinate, and sometimes iron 
oxide The following analyses are given by Hurst (Dwtumary of Chemwh and 
Raw Products) as representative of commercial caustic soda : — 
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The superiority of the best grade is very marked, particularly when one 
remembers that practirallv all the impnnties have an inhibiting elTcct on the 
hydrolysis of fats and on jiedesis (janatic soda should be bought on the results 
of analysis, and great care must be taken in obtaining samples They must lie 
taken from the drum immediately it is 0|>ened, and should be at once transferred 
to an air-tight stoppered bottle and examined with as little delay as possible. If 
the sample is left in such a way as to enable it to attract moisture from the air, 
the results of the analysis will, of course, be too low. This will also be the case 
'if the drum be sampled some time after opemng it. 

THE ANALYSIS OF SODIUM HYDROXIDE. 

The strength of a solution of caustic soila may be determined, approximately, 
by taking its specific gravity and referring to the following tables — 

Pkui KNiAors OP OauiUo Soda and Caubiio To i ash is Caustic Lybs. 
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Determination by Titration. — For an accurate determination of the per- 
centage of aodium hydbroxide, or sodium oxide, present m a sample of caustic 
soda, a method involving titration should be used. In this case the percentage 
of sodium carbonate can be asoertamed at the same time. The following is a 
description of the process About 10 grammes of the sample are weighed m a 
stoppered weighing bottle, and dissolved in water. The solution is washed 
into a litre flask, diluted to the mark, cooled, and mixed. A portion of the 
solution, eg 50 c c , is transferred to a flask, two or three drops of phenolphthalein 
solution added, and decinormal hydrochloric acid run m from a burette till the 
pink colour is just discharged. At this point the whole of the sodium hydroxide 
will have been neutralised Any sodium carbonate present will have been con- 
verted, also, into sodium bicarbonate, as shown by the equations 

NaOH+HCl=NaGH-HjO, 

NajC 0 a+HCl=NaCl-t-NaHC 03 . 

Thus, when the pink colour is discharged, the whole of the hydroxide and 
half of the sodium carbonate will be neutralised. The volume of the acid used 
having been read off, a drop of methyl orange solution is added to the colourless 
solution, and the addition of the decinormal acid is continued till the neutral 
tint IS obtained — that is, till the remaining half of the sodium carbonate is 
neutralised — 

NaHC0a-fHCl=NaGl+Hg0+C08. 

Evidently, the sodium carbonate present in the 50 c c of the solution titrated 
must be equivalent to twice the volume of acid used in the second titration, 
while the volume of acid used in the first titration less that used in the second 
giv^s the sodium hydroxide , or, if 

T^ volume of acid used in the first (jihenolphthalein) titration 

and 

t=volumo of acid used in the second (methyl orange) titration, 

then c c corresponds to the sodium carbonate present and T— f to the sodium 
hydroxide , each cubic centimetre of decinormal acid is equivalent to 0'004 gramme 
of .sodium hydroxide, 0'(K)53 gramme of sodium carbonate, or 0-0031 gramme of 
sodium oxide, NujO 

Winkler’s method is also used The total alkah is first determined in a 
portion of the solution by titrating with decinormal acid in the presence of 
methyl orange Another portion of the solution is treated with excess of banum 
chloride solution. This causes the precipitation of any soilium carbonate present 
as barium carbonate, and changes the sodium hydroxide into soluble barium 
hydroxide — 

Na8G0,-f-Baaj=2NaGl-l-BaG08, 

2NaOH-fBaGl,=2N8Gl-|-Ba(OH)j. 

If some phenolphthalein be added and then decinormal acid is run in slowly 
with constant stirring, as soon as the barium hydroxide is neutralised the pink 
colour IS discharged This is because the barium hydroxide is neutralised first, 
and the next drop of acid added liberates carbon dioxide from the barium 
carbonate, and thus discharges the colour. The volume of acid used in the 
second titration gives the sodium hydroxide present, and the difference between 
the two the sodium carbonate 

Potassium hydroxide, or caustic potash, KOH, is made from potassium 
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carbonate or potassium chloride in a similar manner to sodium hydroxide. 
Like sodium hydroxide it is a white, sohd, fusible substance. It deliquescts 
when exposed to air and absorbs carbon dioxide even more rapidly than sodium 
hydroxide It saponifies fats more readily than sodium hydroxide Its aqueous 
solution IS strongly alkaline and caustic It is sold in several qualities, viz 76 
to 80 degrees and 88 to 92 degrees In this case the degree is the actual percentage 
of potassium hydrate present The impurities are much the same in nature as 
those of caustic soda, but are generally rather greater in quantity The following 
are examples (Hurst, ThUwnary of Chemicals and Raw ProdiMts) — 


• 

X, 

2. 

1 otassium hydidte . . 

77 64 

mM 

Potassium curlioiiato 

4 62 


Potassium sulphato 

0 38 


Potassium clil iidi 

2 21 

0 91 

rotdssmm initito . 

0 87 

0 00 

bodimii liy dioxide 

4 67 

2 69 

Silua iiid tliin mu . 

0 SO 

0 20 

InsoluUt 

0 02 

0 22 

Watci . . . 

8 fl 

17 66 


Iron IS also a common impurity in the lower grades 

Sodium Carbonate, Na^COj, is prepared from sodium chloride by two jiro- 
i esses, V17 the ammonia and the Leblanc In the former method the solution of 
salt IS mixed with ammonia and subjected to a stream of carbon dioxide gas In 
this way ammonium clilonde and bicarbonate of soda are obtained— 

N 1(14 Nir40H4-C’Oj-NaH( ’O 3 f NH 4 CI * 

Wluii a com ciitrnted solution is used the sodium biiarbonate, being much 
h ss soluble than animomum chloride, crystallises out T he cryst il« an‘ c ollected, 
diied, and heated, when they give up carbon dioxide and water and become 
changed into sodium carbon ite — 

2 NaHt 03 -Ha 2 ( Oj | (O^ ( HgO 

Thi Lihhmc p/mnsconsistsofthefornutionof sodium suljihate, its subsequent 
j eduction to sulphide by means of « oal and transformation of thi suljihid* into 
c.irbonate by means of chalk 

Sodium chloride is treated with the requisite qmintity of sulphuru .icid, the 
liberated hydrochloric acid being led into condensing chambers, where it ib 
dissolved in water, and subsequently used for the manufacture of chlorine The 
following reaction takes place — 

2 Naa 4 -HjS 04 =Na*S 0 . 4 - 2 H (1 

The sodium sulphate thus ptoduced (termed salt cake) is now ground up, 
intimately mixed with powdered coal and chalk, and strongly heated in a “ re 
verberatory ” furnace Here it is subjected to the direct action of the flames and 
gases from a large hre, with the result that the sulphate is reduced to sulphide — 

NagSO* f 40=Nag84-4CO 

Ab the temperature is gradually raised to redness the sodium sulphide and 
chalk interact with the formation of sodium carbonate — 

Nag84-CaC0,=Na3C034-CaS 
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The fused mass, which is known as “ black ash,” is cooled and treated with 
warm water The carbonate dissolves, and the clear liquid is drawn off, 
evaporated, and ignited. The product, which is an impure form of sodium 
carbonate, is known as soda ash. If instead of evaporation and ignition the 
solution bp allowed to crystallise, soda crystals, NajCOslOHgO, arc obtained. 

Sodium carbonate is met with in a number of forms, which correspond with 
different proportions of sodium oxide, NagO They are — 


Soda aah 

o.llro]i 

Wasfung soda, NaC,0,10H,0 ’ 

Crystal soda, Na,0O)H,O 
jSesquirarbiinate, Na,C0a2NaHC0g2H,O 


48 to 52 per cent. Na,0. 


57 to 58 
216 
600 
400 


Carbonate of soda is generally sold, like the hydroxide, on its sodium oxide 
value expressed in degrees, i e percentage plus one 

Soda ash is crude, unrefined sodium carbonate It is liable to contain many 
impurities, such as caustic soda, sodium sulphate, chloride and sulphite, iron 
oxide and alumina. 

Pure Alkali — This is the refined anhydrous sodium carbonate, and it is by 
far the best form to use, containing from 99 to 100 per cent of anhydrous carbonate 
of soda, etjual to 58 per cent NajO, and only traces of impurities. 

Washing Soda, or Soda Crystals, NajCOglOIIgO — These are the common 
large crystals, which effloresce rapidly on exposure to air The chief impurities 
are sulphates and chlorides 

Crystal Soda, Nagf’OaHjO — These are small crystals, and generally purer 
than the large crystals , owing to the much larger soda content, they are much 
more economical m use. 

Sesgmcarbonalc of sodium, NagCOj 2NaHC082Hg(), is made by the rn])id 
crystallisation of a solution of sodium bicarlKmate which has been heated till it 
parts with a portion of its carbon dioxide 

The following analyses show the composition of some commercial samples - 



48 

par emit 

58 

(CDt 

Pure 

Aiimioiiia 

Alkali 

Soda 

Crystalb 

Crystal 

Soda. 

Seaqni- 

caibouatr 

Siiiliiim (aibi’iiiitu 

60 64 

98 72 

98 94 

84 22 

81-92 

46-62 

Siiiliiiin bic.)i liiiUiitii 






87 30 

Sodium sulnhato • 

4 35 

0 20 

0 20 

2-54 

018 


8ii(hum bydrato 

1 29 



0 10 



Sodium r blonde . 

28 34 

0 .54 

0 86 

0 27 

0 24 

6 29 

Firncoxido 

ti uce 

0 04 





Alnmiim . . 

1 12 

0 01 





Sihi'a , , 

0 00 

0 09 

0 09 

0 08 



Water . . 

4 26 

0-26 

0 88 

62-84 

17 66 

16 79 


Anhydrous sodium carbonate, Na/''Oj, is a white amorphous substance which 
melts without decomposition when heated. It dissolves readily in water, and 
its solution has an alkaline reaction to litmus, phenolphthalcin, and methyl 
orange This is due to hvdrolvsis with the formation of sodium hydroxide and 
bicarbonate — 

Nagf’Oa+HgO _=^NaHCOg+NaOH, 


when its solution is concentrated crystals of the formula Na^COj lOHjO are 
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obtained These, on exposure to air, effloresce, giving up 9 molecules of water 
and becoming changed to NajCOj HjO When a solution of sodium carbonate 
IS added to one of a heavy metal the carbonate of the latter is generally pre- 
cipitated Thus 

CaCl* 4 -NajC 03 =CaC 0 ,-|- 2 NaCl, 

CuS 04 +Na 3 C 03 =Cn(’ 0 j-|-NaaS 04 

Sodium carbonate does not saponify fats, but it is able to neutralise free fatty 
acids with the formation of soaps Thus, with oleic acid — 

2Ci,H33C00H-l-Na3C03:-2G„H33C00Na-fC03-fH20 

The analysis of sodium carbonate is carried out by titration in the manner 
described for sodium hydroxide 

Sodium Bicarb note, NaHC 03 — When carbon dioxide is brought into contact 
with hiiely powdered cr^stalhne sodium carbonate, it is absorbed and the bi- 
carbonate IS formed — 

NagCOa 10H3O-l-CO3=2NaH0Oj+9HsO 

It IS produced also in the manufacture of sodium carbonate by the ammonia 
proi ess described above 

Sodium bicarbonate is s white substance which is less soluble in ■water than 
the normal carbonate One hundred parts of water at 15° C dissolve 9 of the 
salt Altl ough an acid salt its aciueous solution has a neutral reac tion to litmus 
When heated, or if its solution be boiled, it becomes changed into the normal 
salt, < arbon dioxide being evolved — 

2 NaHC 0 ,-=Na 2 C 03 +C 03 

Sodi iM '<ilu(tt( (or metasilioate), Na 2 SiOj, is made by fusing ijuartz or sand 
with sodium caibonute — 

Si 03 -l-Na 3 CO 3 =Na 3 Si 03 +C 0 a 

Soluble glass, or water glass, is made in a similar manner It has the 
( omposition N i^O 2 S 1 O 2 or NagSi 20 j, being the sodium salt of metadisilicic 
uid IlgSigOg Commercial sodium sdicate, consisting of sodium metadisilic ate, 
is a Mstous licjuid containing varjmg proportions of silicate and water It 
dissolves readily m warm water, and its solution has an allcalmc reaction due 
to the liberation of sodium hydroxide by hydrol^ysis It is decomposed bv acids 
with the liberation of sihcic acid, even such weak acids as carbonic acid being 
able to effect this decomposition at ordinary temperatures At high tempera- 
tures, as indicated above, silicic acid can decompose carbonates 

When a solution of sodium silicate is treated with excess of hydrochloric or 
other acid, a gelatinous precipitate or silicic acid, H 3 S 1 O 3 , is formed — 

NaaSi 03 + 2 HCl= 2 NaCl-l-H 88 i 03 

If dilute hydrochloric acid be stirred very cautiously into a solution of sodium 
silicate, some of the silicic acid remains in solution as orthosilicic acid, Si( 0 H )4 
This acid is formed in accordance with the equation 

Na2Si03-f2HCl-f-H30=2NaCl+H4Si04 

When the sodium chloride is removed by dialysis a colloidal solution of 
orthosilicic acid remains in the dialyser The sodium orthosilicnte may be 
prepared from this acid by careful neutrahsation with sodium hydroxide When 



362 


BLEACHING AND FINISHING OF COTTON. 


OTthoBilicic acid IS exposed to air it loses one molecule of water and forms meta- 
silitic acid — 

H 4 SiO,=HgO+H 28 iOB 

When ortho- or ineta-silicic acid is dried at 100° C it loses most of its combined 
water, reUining about 13 per cent In this state it is sparinglv soluble in water 
But when dried at a temperature of 500° C the whole of the water is expelled, 
anhydrous silica being formed— 

HjSi 03 =Si 0 *-fHj 0 

Sodium silicate increases the detergent action of a solution of soap and is 
often used for this jmrpose It is decomposed by the soluble salts of many 
metals, such as those of calcium and magnesium with the formation of insoluble 
silicates - 

Na 2 Si 03 -(-CaS 04 =NaBS 04 -l-CaSi 03 

Borax, NajB^O, lOHjO, is the most important salt of bone acid, H^BO, 
It may be jirepared from boric acid by neutralising a boihng solution with 
sodium carbonate — 

4H3B03-|-NagC03=Na3B40,-f6H30+r03 

The hot solution is allowed to crystallise, when large prisms with the com 
jiosilion Na 3 B 4 ()- lOHgO are obtained Borax is made ilso from tmeal t'a^B^Oji 
The miiiiral is powdered, and boiled with water and sodium carbonate The 
following reaction takes place — 

Ca2Bs0ii+2Na3C03-^2CaC03+NagB40,-t-Na2B304 

Thus, a inuturo of calcium c arbonatc, borax, and sodium metaborate, Na^BgOg, 
IS obtained The insoluble calcium carbon ite is removed, by filtration, and the 
hot liquor is then allowed to cool, when the borax crystallises out The mother 
liquor IS concentrated and treated with carbon dioxide, which converts the 
metuborate into borax, which is prec ipit-ited an a hue jiowdcr— 

2NagBa04 | 004=Na,C03d NagBgO, 

Bor.i\ IS a white solid substance, sparingly soluble in water, KKlpirtsdis 
solving 4 6 ])<irts of borax at 10° 0 .ind 201 4 at 100° 0 

Wlicii its solution lb treated with hydrochloric acid, boric acid, IIjBOj, is 
liberated — 

NagB407-f 2HC1 1 6Hg0=2NaCl+4H3B04 

Since boric acid is not acid to methyl orange, borax can be titrated in its 
presence, and the percentage of alkah (NagO) determined If the same volume of 
standard acid be added to the same volume of the borax solution, and then some 
phenoljihthalein and about 30 per cent of neutrahbed glycerin, the boric acid 
can be titrated by adding decinormal sodium hydroxide solution till a faint pink 
colour IS produced The reaction is 

H,B0s+Na0H=NaB0g+2H80 , 

that IS, sodium metaborate is produced, and each cubic centimetre of deci- 
normal alkah is equivalent to 01)002 gramme of boric acid If glycerin be not 
added, the pink colour appears before all of the bone acid is neutralised, owmg 
to the fact that sodium borate is hydrolysed by water The glycerm inhibits 
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the hydrolysis. Orthoboric acid, HsBOj or B(OH) 3 , is a tnhasio acid. When 
it is heated to 100° C. it loses water, forming metaboric acid — 

HaB 03 =H* 0 +HB 02 , 

or 

2HaB0s=2H,0+H*B,04. 

Sodium iiieta borate is a salt of this acid. When boric acid is heated to a 
temperature of 140° C , tetraboric or pyrobonc acid, HgB^O,, the acid from which 
borax is derived, is formed — 

4H,B0s=5H*0+HgB40,. 

When heated, borax loses its water of crystallisation and swells up to an 
o])aque white mass. Further heating causes this to melt. If the melted mass 
be cooled, a transparent glass-hke mass of anhydrous borax is formed. In its 
melted condition it dissolves many metallic oxides, characteristic colours being 
produced in many cases This property is made use of m the borax bead test 
for the metals 

Borax is used as a preservative for foods and starch dressings. It is, however, 
not very powerful, at least 0-5 per cent being required Its solution emulsifies 
fats and waxes although unable to saponify them. It is what is termed a mild 
alkali as opposed to strong caustic alkalis 

Commercial borax should be free from sulphates and chlorides and all metals 
other than sodium 

TJie Analysis of Boras — A weighed quantity of the substance is dissolved 
111 distilled water and made up to a definite volume Twenty-five or 50 c.c. 
are withdrawn and titrated with decmormal hydrochlonc acid, methyl orange 
being u.sed as indicator. Each cubic centimetre of acid used corresponds to 
0 0031 gramme of sodium oxide, Na20. Pure borax contains 16 2 i>er cent. 
The neutralised solution is boiled for two or three miuutes to expel carbon 
dioxide, and then cooled. About one-third of its volume of glycerin (carefully 
neutralised with decmormal sodium hydroxide and phenoljihthaleui) is added, 
and a drop of pheiiolphthalein solution. 

Decmormal sodium hydroxide is then added till a permanent faint pink colour 
IS ])roduc'cd Each cubic centimetre of acid used corresponds to 0’0062 gramme 
of boric acid or O-()O9D0 gramme of crystalline borax. 

Ammonia, NH,. — It has been mentioned that ammonia is jiroduccd by the 
natural decomposition of nitrogenous organic matter under the infiueiice of 
putrefactive micro-organisms It occurs, therefore, in small quantities in air 
and water. It may be made by reducing mtrates o¥ nitrites with nascent 
hydrogen If a solution of sodium nitrate be treated with reduced iron and dilute 
sulphuric acid, the nitrate is all converted into ammonia, which combines with 
the excess of sulphuric acid to form ammomum sulphate — 

8Fe-l-8H2S04=8Fe804-|-16H, 

2NaN0s+H,S04=2HN0s-fNa2S04, 

2HN03+16H=2NHj+6H20, 

2NH3-|-H3804=(NH4)3S04 

These reactions are made use of m the estimation of nitrates, but are not 
suitable for the preparation of ammoma. It is generally prepared by heating 
an ammonium salt with a solution of an alkah. Thus, if ammonium chloride be 
heated with a solution of sodium hydroxide, the following reaction takes place : — 

NH4Cl-|-NaOH=NaCl+NH8-fHjO. 
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With slaked hme and ammonium chlonde the reaction is similar — 

2NH4Cl+Ca(OH)*=2NHa+CaClis+HgO 

The chief source of commercial ammonia is gas liquor. When coal is heated 
in closed retorts, m the manufacture of coal gas, ammonia is produced as one 
product This, together with other impunties, is removed from the gas by 
passing it through condensers The coal tar is condensed and also water and 
ammonia The solution of ammonia containing salts of ammonium and other 
soluble bodies floats on the tar. It is known as gas liquor When it is heated 
with lime, ammonia gas is given ofi. This may be dissolved in water or in sul- 
phuric acid In the latter case ammomum sulphate, (NH 4 ) 2 S 04 , is formed 
Ammoni.i is a colourless gas with a pungent smell It is heavier than air, 
and may therefore be collected by downward displacement. It is very easily 
lif|ucfied, and the liquehcd gas may be obtained in cylinders It boils at —135° C 
When liquid ammonia is evaporated it absorbs much heat from its surround- 
ings, and for this reason it is used m the manufacture of ice It is extremely 
soluble in water One volume of water at 0° C and 760 mm pressure dissolves 
1298 volumes of ammonia gas Commercial ammonia is simply a solution of 
the gas in water Ammonia gas may be made from this solution by heating it, 
the whole being expelled at the boiling-jKimt The specific gravity of a solution 
of ammonia in water decreases gradually as the percentage of ammonia increases 
Commercial ammonia has a specific gravity of 0 88, corresponding to about 
36 ])er cent of NHj The following table gives the relation between concentra- 
tion and specific gravity — 

Aqua Ammunii. 


IlCgKCS 

iS]Kiih( 

I\ r cent 


SjKCiln 

Per cent 

l)( grits 

iSlK-Cjfio 

Per tent 

Kauin^' 

(iiavitv. 

NH, 

lUumu 

Gravity 

NH, 

Baumo 

Giavity 

NH,. 

10 00 

IIHKK) 

000 

10 50 

0 91.50 

11 18 

23 00 

0 9150 

23 52 

10 2'i 

0 9982 

0 40 

10 75 

0 9540 

11 14 

23 25 


24 01 

10 K) 

0 991)4 

080 

1700 

0 9524 

12 10 

23 .50 


24 50 

10 71 

0 9947 

1 21 

17 25 

0 9508 

12 56 

23 75 

0 9100 

24 99 

11 (Ml 

0 9929 

1 02 

17 50 

0 9492 

13 02 

24 00 


25 48 

11 2"i 

0 9912 

2 04 

17 75 

0 9475 

13 49 

24 25 

0 9076 

25 97 

1 1 .10 

0 9894 

2 40 

18 00 

0 9459 

13 00 

24.50 


26 46 

1 1 7.1 

0 9871) 

2 88 

18 21 

0 9444 

14 43 

24 75 

0 9047 

20 96 

12 00 

0 9819 

3 30 

18.10 

0 9428 

14 90 

25 00 

0 9032 

27 44 

12 2.1 

0 9842 

3 73 

18 75 

0 9412 

15 37 

25 25 

0 9018 

27 93 

12.10 

0 9825 

4 16 

19 00 

0 9390 

15 84 

25.50 

0 9003 

28 42 

12 75 

0 9807 

4 59 

19 25 

0 9,380 

16.32 

25 75 

0 8980 

28 91 

i:ioo 

0 9790 

5 02 

19 50 

0 9305 

16 80 

20 00 

0 8974 

29 40 

13 2.1 

0 977.1 

6 45 

19 75 

0 9,349 

17 28 

26 25 

0 8900 

29 89 

13.10 

0 975b 

5 88 

20 00 

0 9333 

17 7o 

20.50 

0 8946 

30 38 

13 75 

0 9739 

0 31 

20 25 

0 9318 

18 24 

20 75 

0 8031 

30 87 

14 00 


6 74 

20 .10 

0 9302 

18 72 

27 00 

0 8917 

31 36 

14 25 


7 17 

20 75 

0 9287 

10 20 

27 26 

0 8003 

31 85 

14 60 

0 9(>89 

7 61 

21 00 

0 9272 

19 08 

27 .50 

0 8880 

32 34 

14 75 

0 9072 

8 0.1 

21 25 

0 92.56 

20 16 

27 75 

0 8876 

32 83 

15 00 

0 9655 

8 49 

21 60 

0 0241 

20 64 

28 00 

0 8861 

33 32 

11 25 

0 9039 

8 93 

21 76 

0 0220 

21 12 

28 25 

0 8847 

33 81 

15 50 

0 9022 

9 38 

22 00 

0 0211 

21 00 

28 50 

0 8833 

34 30 

16 75 

0 9(i0.1 

9 83 

22 25 

0 9195 

22 08 

28 76 

0 8819 

34 70 

KiOO 
10 25 

0 9589 

0 9573 

10 28 

10 7.3 

22 50 
22 75 

0 9180 

0 9165 

22 50 

23 04 

29 00 

0 8805 

35 28 
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ALLOWANCE FOR TEMPERATURE 

The coeffuient of expansion for ammonium solutions, varyin{» with the 
temperature, correction must be applied according to the following table — 


OoTTcctioiui tu b< added for tach 
Degree below 60° P 

Conectiuns to bt subtiaetcd for taeh Digree 
above (>0° r 

Degrees 

Baiimc 

40 K 

50° K 

70 F 

80° ]< 

90° P 

100° P 

14° 

0 015° Be 

0 017“ Bo 

0 020° Bo 

0 022 Bt 

0 024° 111 

0 026 111 

16 

0 021 „ 

0 022 „ 

0 026 „ 

0 028 „ 

0 010 „ 

0 012 „ 

IS 

0 027 „ 

0 029 , 

0 071 

0011 „ 

0 015 „ 

0 027 „ 

20 

0 071 

0 076 , 

0 077 „ 

0 018 

0 040 „ 

0 042 „ 

22 

0 019 „ 

0 042 

0 047 „ 

0 045 

0 047 , 


26 

0 051 , 

0 057 . 

0 057 „ 

0 050 . 




When ammonia gas is dissolved in water, heat is evolved , while if it be driven 
out of the solution by a current of air this heat is reibsorbed- from the water, 
thus reducing its temperature When a solution of ammonia m water is frozen, 
crysLils are obtained which are bebevcd to c.onsist of ammonium, hydroxide, 
NH4OH That IS when amnionii dissolves in water a chemical chinge takes 
place resulting in the formation of a hydroxide of simiUr constitution to that 
of sodium hydroxide — 

NHj+HjO-NH^OH 

This IS known as ammonium hydroxide, in which the group or radicle NH4 
acts as a monovalent metal 

This aqueous solution has both alkahne and basic properties Thus, it turns 
red litmus blue, and 111 concentrated solutions has a caustic action When 
neutralised with ac ids it gives rise to salts and water in exactly the same manner 
as sodium hydroxide T^s 

NH 40 H 4 HC1=-NH4CI+H,0 
2NH40H+H,S04-(NH4)4S04 , 2H4O 

Moreoier, if a solution of ammonia in water be added to one containing a 
salt of a metal which forms an insoluble bydi oxide, the latter is precipitated 
exactly as it would be "by sodium hydroxide Thus, with aluminium c blonde — 

AljClgd 6 NH 40 H-=Alii( 0 H)g+ 6 NH 4 CI 

Ammonium salts are produced also by the direct union of ammonia with 
acids Thus, when ammonia comes into contact with hydrochloric acid gas, 
dense white fumes ,of ammonium chloride are produced — 

NHs+H(T=NH4C1 

Ammonia is decomposed by chlonne with the formation of nitrogen and 
hydrochloric acid — 

2NH,-f 3 n 8 =Ns 5 + 6 Ht'l 

The hydrochloric acid unites with the excess of ammonia to form ammonium 
chloride Further action of chlorine on ammomum chloride results in the 
formation of a very violent explosive nitrogen chlonde, NCI3 
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, When ammonia is treated with hypochlorous or a h)ipochlorite acid, chlor- 
amine, NHjCl, IS jiroduced — 

NHj fNaOCl-NaOH+NHgOl 

The Aiinlysix of Aihimnui — ^The percentage of ammonia present m a 
solution may be ascertained with approximate accuracy by taking the specific 
gravity of the solution and referring to the table given above. The Baumd 
hydrometer is the only one suitable for hqmds which are lighter than water, 
but a stoppered specific gravity bottle (fig 127) may be used. This is first 
dried and weighed. It is then filled with the ammonia solution at a temperature 
of 60° F. till the level of the liquid is exactly at the mark on the neck The 
stopper 18 then replaced and the bottle again weighed. It is now washed, filled 
to the mark with distilled water at 60° F , and weighed From the weights 
obtained the specific gravity of the ammonia solution can be calculated 

Accurate determinations are made by titration with decinormal sulphuric 
acid About 10 c c of the ammoma solution are weighed in a stoppered weighing 
bottle, washed into a 500 c c flask with distilled water, the solution 
made up to 500 c c , and mixed Twenty-five c.c are then with- 
drawn by means of a pipette and titrated with acid, methyl orange 
being used as indicator Each cubic centimetre of decinormal acid 
neutralises 0-0017 gramme of anmionia 

Ammonia solution should be quite colourless, and leave no residue 
when evaporated to dryness on a water-bath It contains, occasiofi- 
ally, distinct traces of pyridine This can be detected by its smell 
after neutralisation with sulphuric acid When excess of nitric acid 
IS added to ammoma solution and then some silver nitrate, the pro- 
duction of a vellow C/Olour indicates, also, the presence of pyriclme, 
while a distinct turbidity or precipitate is produced in the presence 
of chlorides The formation of a precipitate with barium chloride, 
gravity after adding excess of nitnc acid, would indicate the presence of 
bottle 8ulphate.s Sulphides can be detected with lead acetate paper 
Ammonium carbonate is tested for by mixing the ammonia solution 
with an equal volume of lime water and boiling the mixture In the presence 
of carbonates a distinct turbidity is produced 

Pyridine may be estimated by the following method (Grossmann, Ammonia 
and its Compounds, p 56) — 

One hundred c c of the solution are neutralised with dilute sulphuric acid 
and cooled. The solution is then made alkaline with caustic potash and dis- 
tilled The first third of the distillate will contain all the pyndine present 
This is mixed with 10 grammes of mercuric chloride, diluted to 400 c c with 
water, and again distilled. The distillate should not require more than 2 c c. 
of decinormal soda (0 00948 per cent of pyridine) before becoming neutral to 
methyl orange 

Ammonium Carbonate. — There are three forms of ammonium carbonate, 

VIZ — 

Normal ammonium carbonate . . . (NH4)g((;i03) HjO 

Ammomum bicarbonate . . , NH^ HCOj 

Ammonium sesquicarbonate . (NH4)gC03 2NH4HCO3 

Commercial ammonium carbonate consists of ammomum hydrogen carbonate 
with ammonium carbamate, NHg COONH4 It is made by heating a mixture 
of ammomum sulphate and calcium carbonate It is a white, hard, solid sub- 
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stance containing about 31 pei cent of ammonia When exposed to air it gives 
off ammonia and is converted into the acid earbonate It is readily soluble in 
water Ammonium carbonate is determined by titration with standard acid 
111 the manner desi ribcd for sodium eaibonate 

Soap. —The term “ soap ” is applied, m general, to the metallic salts of the 
higher fatty acids (Chapter VII ), and, in partii ular, to the soiiium and potassium 
salts 

Soaps may be prepared from the fatty acids by neutralising them with the 
hydroxides or carbonates of sodium or potassium Thus, with oleic acid — 

C„H33COOH+NaOH=C„H.aOOONa+Hp, 

2C„HnC00H4-KaC03=20„H83C00K+C02+Hg0 

This process is used commercially Fatty acids are obtained from natural 
fats, as described in Chapter VII , in three ways, viz — 

1 By decomposition by means of superheated steam ■with or without the 
addition of sulphuric acid 

2 By treatment with Twite hell’s re,igent 

3 Bv decomposition by means of fat splitting enzymes 

The more common method of making soap is by decomposing fats or oils 
with sodium or potassium hydroxide This operation is termed ‘ sajionihf alioii ” 
When a triglyceride is boiled with an aqueous solution of cither of these reagents 
it IS decomposed, a soap and glycerol being formed — 

C3HB(OOCCi,H33)3+3NaOH=3NaOOOC„H,3+C„H5(OH)3 

The sodium soaps arc the common bard soaps, the corresponding potassium 
compounds being termed soft soaps When a fat is saponified, all the jiroducls 
are soluble in the hot mixture The sodium soaps are separated from the glycerol, 
water, and unused alkali, by taking advantage of the fact that they are insoluble 
in a concentrated solution of sodium chloride When saponification is complete, 
salt IS stirred into the mixture till the sodium soap becomes insoluble and rises 
to the surface in the form of a curd This is removed, washed, rcmelted with 
a little water, cast into cakes, and dried The brine is clanfied by filtration, 
or by means of charcoal, and concentrated The glycerol is then removed by 
evaporation, under reduced pressure, the salt being recovered at the same time 

Potassium soaps cannot be salted out If salt be added to a solution of a 
potassium soap, the latter is decomposed, potassium chloride and the sodium 
soap being formed — 

Ci,Hj5C00K+NaCl=C„HsBC00Na+KCl 

As a rule, the mixture of potassium soap and glycerol, produced by saponi- 
fication, IS sold without removing the latter as soft soap But many potassium 
soaps are made from fatty acids and contain no glycerol The term soft is only 
a relative one, depending upon the nature of the fatty acids which the soap 
contains If a hard fat, such as tallow, be used, a comparatively hard soap is 
produced, though it i& always softer than the corresponding sodium compound. 
Soft soaps contain sometimes white specks termed figs These consist generally of 
small pieces of potassium stearate, which is a fairly hard soap This appearance 
IS obtained by adding a little tallow to the oil dunng the saponification White 
specks may, of course, be due to other causes, such as the presence of starch 

Soap-making. — In some bleach works it is the practice to make soaps as 
required. Havmg regard to the plant necessary and the question of the disposal 
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of the by-products, such as glycerin, it is doubtful whether this procedure is 
economical It is now quite eas\ to buy soap upon a guaranteed analysis, and 
competition kcciis the prices .it a minimum The home manuf<uturc of soap 
freijucntiv icijuircs a jircliminary treatment of the oil with .icid This is the 
case with bone and similar greases, which often contain considerable quantities 
of lime soaps These c ause much trouble in the boihng-pan 

In the acid treatment the grease is placed in a lead-lined pan with hot water, 
sulphuric or hydrochloric acid added, and steam blown through After the 
grease has been thoroughly w.ished with the acid, the liquor is drawn off, and 
the residue washed m the same way with hot water, till all the acid is removed 

Soap may be m.ule in several ways, according to the nature of the materials 
from which it is prepared The following are brief details of the process For 
fuller details, “Simmons and Appleton’s” handbook on soap manufacture 
should be consulted 

The simplest process is from fatty acids These are now prepared on the 
large scale commcrci.illy, and also obtained from recovered grease Fatty acicb. 
ma> be saiioiufied by caustic scxla at ordinary temperatures, or by sodium 
c.irbori.ite with the aid of lic<it Moreover, there is no ghcerin to recover 
The fatty acids are melted and poured slowly, with continual stirring, into 
sulhcicnt sodium carbonate dissolved in water to completely neutralise them 
The necess<iry quantity can be found by a preliminary experiment, but as a 
general rule, about 19 per cent by weight of the fatty acids taken will be re- 
quires! I’uie alkali is generally used, and it is dissolved in siiflicient water to 
make a solution of Tw During the neutralisation of the fatty ac ids c arboii 
dioxide IS given off and the mixture is boiled until this is completely exjielled 
and the solution is c lear A little sodium h> drate may then be idcled to complete 
the ncuitralisation of the acid, and, after a little further boiling, the mass allowed 
to c ool, when it is ready for use 

The next jirocess, in order of simplicity, is the jireparation of soap from 
readily sajionifiable fats, such as cocoamit oil, which contain fatty .icicls of low 
mold ulnr weight When this oil is melted out and stirred slowly into a cold 
solution of caustic soda of specific gravity about 71 4° Tw , and the mixture is 
allowed to stand, the fats deriyed from acids of low molecuLir weight ,ire gradually 
saponified <it ordinary temperatures, ,ynd sufficient heat is evohed to complete 
the saponifu ation of the remainder of the oil A transparent mass of soa}) is 
thus obtained The saponification is not, however, generally quite comjilete, 
and .1 cert iin amount of unsapoiiified oil and tree alkali is usually present, as 
well as the ghcerin originally coiit, lined m the oil The soap cannot therefore 
be used where .i neutral ])roduct is desired 

The most general method of making soaps consists of boiling a neutr.il fat 
with caustic soda in an open ])an The fat is melted m the pan, and sodium 
hydroxide solution of 14 to 23° Tw is added, but not at first in sufficient quantity 
to conqiletelv saponify the oil The mixture is boiled gently till saponification 
commences Successive small quantities of stronger alkali of about 29° to 33° Tw. 
are now added, and the boiling continued until the fat is completely aapoiiified 
This IS tested by occasionally taking a small quantity from the pan and pressing 
it between the thumb and finger When sufficient alkali has been used, a firm 
dry mass is obtained If excess of grease be present, the product will have a 
greasy feel, and more alkali must be added When this point is reached the boil- 
ing IS continued for a short time, and if the glycerin is not to be recovered, the 
mass IS allowed to cool As a nile, however, the glycerin is recovered and sold. 
The separation of glycerin depends upon the insolubihty of soap m a solution 
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of common salt. Instead of cooling the soap, common salt or a brine solution is 
added while the mixture is still boiling, until a sufficient concentration is reached 
to make the soap insoluble. This is indicated by the appearance of a sample 
taken from the pan. When it is seen to consist of two distinct portions, soap 
and lye, sufficient salt has been added, and the mixture is allowed to cool. As 
it cools, the soap separates out and floats at the surface, the lye containing 
the salt, glycerin, and other impurities forming the lower layer. This^is drawn 
off and concentrated to recover both the salt and glycerin. The concentration 
is best earned out in a vacuum pan ; but an open pan is sometimes used, though 
this causes loss of glycerin. When the lye is evaporated at atmospheric pres- 
sure, it is generally placed in a copper, at the bottom of which is a perforated 
tray which can be removed by means of a pulley. As the lye concentrates, the 
salt crystallises out, and the crystals are deposited in the tray and removed from 
time to time. Before concentration, the lye, which contains from about 3 to 8 
per cent, of glycerin, is treated with aluminium sulphate and hydrochloric 
acid to precipitate organic impurities and fatty acids, and allowed to settle or 
filtered The liquor is then made slightly alkaline with caustic soda, and the 
precipitated aluminium hydroxide filtered off. The filtrate can be concentrated 
to a strength of about 80 per cent of glycenn. The product is a brown, viscous 
liquid, and is sold on its glycenn content 

The soap obtained by salting out is now punfied in the following manner : 
After removal of the lye, a little water is added and the mixture boiled till the 
soap dissolves, and, while boiling, small quantities of soda lye of 32^° Tw are 
added tiU no more is absorbed, or until the soap is thrown out of solution. When 
this point .is reached, the mixture is boiled for some time to ensure complete 
saponification. It is now boiled with steam, and water is added till a smooth 
paste IS obtained, or until a little of the mixture, when removed with a small 
wooden trowel, drops off in flakes, leaving the trowel clean and dry If too much 
water be present, it will stick to the wood, and the boiling is continued till the 
desired consistency is obtained. This process is termed “ fitting.” 

After a further heating the pan is covered, to prevent loss of heat, and the 
mixture is left for some days to cool slowly. The impurities gradually settle out. 
The pan is then opened and the soap which is removed is ready for use 

If mottled soap be required, the purification need not be corned so far, since 
mottled soap is essentially soap containing lye, hence impurities 

During the resting of the fitted soap the following separations take place 
At the surface is found a thin crust which is separately skimmed and reboiled. 

, Below this IS the soap containing 62 to 63 per cent, of fatty acids Lower down 
is found a layer of darker and weaker soap termed “ nigre,” containing only 
about 33 per cent of fatty acids The quantity of nigre produced depends upon 
the skill exercised in manufacture It is, of course, an impure soap, and is 
generally returned to the pan and boiled, and re-precipitated with sali Below 
the nigre is a solution containing the saline impurities. 

Soft Soap . — This is generally 'made from either vegetable, fish, or animal oil, 
with or without the addition of rosin Caustic potash is used for the saponifi- 
cation instead of caustic soda, and no attempt is ever made to recover the glycerin. 
A small quantity of a solution of about 40° Tw is placed in the pan and Wled ; 
the oil is mixed with a further quantity of lye, and gradually added to the pan 
with constant stirring As soon as saponification commences the whole of the 
mixture is quickly added to prevent setting, and the boiling is continued until 
the mass becomes clear and sets to a jelly when cooled. To obtain a clear soft 
soap, it is necessary that the lye should contain some carbonate. When the 

24 
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saponification is complete (tested by observing a sample on a plate), the boiling 
is discontinued, and the mixture cooled 

Bosm Soap . — ^Rosin is prepared from crude turpentine obtained from pine 
wood. When this is distilled with steam the turpentine is driven off, and the 
residue is known as rosin It forms a yellow or brown transparent solid mass 
which 18 very brittle and has a melting-point varying from 70° to 140° C. It 
burns with a yellow smoky flame, producing a characteristic smell. Eosin is 
insoluble in water, but dissolves in alcohol, ether, and other organic solvents 
Its solution in alcohol has an acid reaction, and can be neutralised with sodium 
hydroxide just like a solution of a fatty acid When rosin is boiled with an 
aqueous solution of sodium hydroxide or sodium carbonate it dissolves, and the 
solution formed has properties similar to those of a solufion of soap 

The chief constituent of rosm is abietic acid, C 4 |H 0 gO 5 This is monobasic 
and reacts with sodium hydroxide thus 

044Hgg05-FNa0H=C44He60gNa+IIg0. 

Eosin soap has verv marked detergent properties, and it is often added to 
commercial soaps for this reason, the rosm being saponified with the fat Eosin 
soap plays an important part also in the Lancashire system of cotton scouring 
In addition to abietic acid, ro.sin contains a variable quantity of iinsaponiflable 
hydrocarbons (from 1 to 15 per cent ), which are present also in the soap made 
from it 

The Composition of Soap. — A well-made soap contains about 72 per cent, 
of true soap and 28 per cent of water Only very small quantities of other 
bodies are jiresent The impurities include — 

1 Unsaponifiable oil or unsaponificd triglycerides. 

2 Sodium chloride or sulphate 

3 Sodium carbonate or hydroxide. 

4 Sodium silicate 

5 Glycerol 

Unsaponifiable oil would be due to the use of an adulterated grease, un- 
saponificd triglycerides to incomplete sajMinification Salts of sodium, such as 
cliloride, suljihate, carbonate, or sibciite, are derived from the cau.stic soda used, 
and their presence m the soap is due to the incomplete removal of the lye The 
same applies to glycerol 

Sodium carbonate and sodium silicate are added purposely to soaps. They 
increase the hardness and, when present in limited quantities, the detergent 
power also Cheap soaps and soap powders often contain a considerable per- 
centage of sodium carbonate. 

Even in the absence of impunties, soap is not a single chemical compound 
unless it has been made from a pure fatty acid such as oleic acid or sleanc acid. 
When made from fats or oils, it is a mixture of the sodium salts of all the fatty 
acids present, though one may preponderate The character of the soap depends 
upon the nature of the glycerides present in the oil from which it was made. 
The sodium salt of a fatty acid may be represented ns a compound of sodium 
oxide, NagO, with the anhydride of the fatty acid The anhydndcs of the fatty 
acids may be produced by the combination of two molecules of the acid with 
the elimination of a molecule of water. Thus • 

CiTHgjCO,. 

2C„H35C00H= >0-l-HgO. 

C„H,5C0/ 
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When the acid anhydride is saturated with a base, a soap results. Thus : 

^0+Naj0=2C„H,5C00Na 

This reaction is similar to the formation of sodium sulphate from sulphuric 
anhydride (sulphur tnoxide) — 


S 03 +Naj 0 =Nai,S 04 . 

The approximate quantity of fatty acid anhydride given by fatty acids is 
obtained by multiplying the latter by 0-97 The alkali in combination with 
fatty anhydrides in a soap (or “ combined alkali ”) is expressed as sodium 
oxide, NagO. The combing fatty anhydrides are, however, not determined as 
such, but as fatty acids. Hence they are generally expressed as such Alkali 
may be present in soap in at least four forma, viz. — 

1 Combined with fatty anhydrides ns sodium oxide, Na»0, to form soap 

2 Caustic alkali (NaOH). 

3 Sodium carbonkte 

4 Sodium silicate 


The three last named are impurities of either accidental or designed origin. 
The following table contains analyses of commercial soaps, and shows the varia- 
tions which may be met with — 



Fatty 

Acids 

Unsaponified 

Fat 

Combined 

Alkah. 

Free 

Alkali 

Caibonate 

Titer of 
mixed 
Fatty Acids 

]. Mottled soap . . 



8-60 

0-80 

42 

2 White ouid . , 



7-60 

0 26 

Sj 

8. Olein . . . 


tr.ice 

7-69 

trace 

16-6 

4 Vegetsblo oil , . 

HTVtH 

0 10 

7 64 

0-16 

24 

i Olein and tallow . 


0 20 

7-00 

trace 

18 7 

0 Soft soap . . , 

44 '-IS 


9-46 

»e> 

12 

7 Olein (poor quality) . 

61 ».l 

2-09 

7 79 

0 27 

tal 

8. Tallou 

58 76 

1-07 

6-61 

0 28 


fi. Do ... 

69 u? 

• •• 

7 76 

S 26 

,, 

10. Pondor . . . 

86 00 

0-25 

11 80 

0 80 

, 

11# Do# • • • 

61-42 

... 

6 81 

33-18 

tee 


Samples I to 6 are good soaps. 

Sample 6 is a good soft soap. 

Samples 7, 8, and 9 are poor textile soaps. 

Sample 10 is a good soap powder. 

Sample 11 is a poor ponder 

Jackson (Cantor Lecture, 1907) gives the following as the chief ingredients o! 
laundry soaps 



Oil Soap. 

Mottled Soap. 

Fatty anhydrides 

Combined alkali, Xa,0 

Flee alkah, KatC'i), , . 
W.itei, etc. . . 

69 66 66 10 

7 76 7 65 

0 31 161 

32 -29 24 61 

63-24 69 60 70 60 

8-48 9 25 9-60 

0 40 0 45 trace 

27 88 20 80 20 00 
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The same author gives the following illnatration of a poor mottled soap : — 


Fatty anhydndes ..... 42'41 

Combined alkali 4‘S7 

Free sodium carbonate .... 2 ‘28 

Silica 1*88 

Soilium chloride ...... 1'24 

Soilinni aniiihate . .... 0‘58 

Water and insoluble untller ... 47*46 


Types of Commercial Soaps. 

There are certain well-defined types of soap used for textile purposes The 
more important of these are— 

Mottled Soap. — This is very commonly made from bone grease, the mottling 
being due to some of the lye remaining m the interstices of the curd, the 
impurities which it contains causing the colour Blue and grey mottled soap 
are coloured by means of ultramarine and manganese dioxide. In addition to 
bone fat, vegetable oils, such as cotton-need oil, are used, and sometimes rosin 
Soups made from cotton-seed or soya oil are apt to leave a smell if hard water be 
used, and lime soaps become fixed in the fabric In a well-made mottled soap the 
percentage of water is never very high, smee the foreign matter settles down as 
the soaps cool, instead of remaining in it Bat the addition of such bodies as 
sodium silicate prevents the rapid settling of dirt, etc , and thus sometimes gives 
the soap a somewhat false appearance Thus, while a good mottled soap always 
contains 63 per cent of fatty acids, it can be made quite firm and apparently 
ns good and yet only contain 57 to 58 per cent 

Curd Soaps — These are largely made from tallow, with, or without, the 
addition of a vegetable oil, such as cocoanut oil They contain, as a rule, less 
fatty acid than mottled soaps, the content frequently falbng to 60 per cent. The 
percentage of combined alkali should be small, % e from 6*5 to 7 per cent , and 
free alkali should be entirely absent A little sodium silicate is sometimes present 

Ot/ Soaps — These are generally brown in colour and are made from olein or 
recovered grease. In the latter case they often contain considerable quantities 
of unsaponifiable matter A pure olein soap is the best that can be obtained for 
practically all textile purposes, owing to its ready solubility and high detergent 
power It should always be examined for unsaponified or unsaponifiable matter. 

Vegetable Oil Soaps — This name is given to soaps made from a mixture of 
vegetable oils with a low titer like that of olein They are therefore somewhat 
similar to olein soaps, but much cheaper. Olive-oil soap is unsurpassable, but is 
often adulterated with arachis and other oils. It sometimes consists entirely of 
foreign oils coloured to simulate ohve oil 

Desiccated Soaps. — These consist of soap, partly or completely dned, either 
in the form of flakes or powder The percentage of fatty acids is much higher 
than in ordinary soaps. Soap powders lend themselves to adulteration. They 
sometimes contain a considerable quantity of admixed sodium carbonate or other 
mineral matter. 

Sulphonated Soaps — These are compounds of sulphoricinoleic acid. When' 
sulphuric acid is stirred into castor oil, the temperature being kept below 35° C., 
the oil becomes sulphonated The reaction which takes place is somewhat obscure, 
but its most important product is sulphoricinoleic acid, C„H320SOj|.OH COOH, 
while some free ncinoleic acid, Ci 7 H„(OH)COOH, may be formed also. The 
composition of the final product varies with the quantity of sulphuric acid used 
and the method of manufacture After the sulphonation is completed the 
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mixture is poured into a little water and allowed to stand, when it separates 
into two layers, the upper one consisting of the free fatty acids. The lower 
layer is drawn ofE and the fatty acids are washed with a solution of sodium 
sulphate till the excess of sulphuric acid is removed Sulphoricinoleic acid is 
soluble in water, and its solution forms a lather in the same way as soap When 
neutralised .with an alkali such as sodium, potassium, or ammonium, hydroxide 
soaps are formed. These are characterised by great solubihty, emiil8if]ring 
powers, and the readiness with which they wet fabncs. The calcium salto of 
sulphonic acids are generally soluble in water, and those of sulphoricinoleic acid 
are no exception. Thus, these soaps do not produce a precipitate with hard 
water. They are also dissolved by certain organic solvents, particularly in the 
presence of a fatty acid such as oleic acid. On account of this property they 
are used largely in the preparation of special scouring or degreasing Uq^uids. 

Soft soaps are made, as stated above, from either fatty acids or oils, potassium 
hydroxide being substituted for sodium hydroxide in the saponification. When 
they are made from an oil, the glycerol which remains helps to give the soap 
its characteristic appearance Rosin is sometimes added The percentage of fatty 
acids 18 about 45. Potash soaps, if neutral, are always better than the corre- 
s]:)ouding sodium compounds for textile purposes. There is no better soap than 
that made from olive oil or oleic acid and potassium hydroxide Those devoid 
of or containing httle glycerol are the best, since glycerol tends to inhibit the 
detergent action The relative scouring values of sodium and potassium soaps 
made from oleic acid were determined by the author A constant dry weight 
of cotton was scoured with equal quantities of each, and, after washing with 
diluted water, the cotton was dned and weighed and the loss of weight calcu- 
lated. It was found that, in every case, the potassium soap had removed more 
than the corresponding sodium soap. From the loss of weight observed, the 
weight of potassium soap, which removes as much matter as 1(X) parts of 
sodium soap, was calculated The results are given m the following table — 


Kxpcriment 

Sodium Soap 

Bquivalent of Potassium 
Soap 

No 1 

100 

72 

No 2 

100 

76 

No 3 

100 

79 

No 4 

100 

84 


The Properties of Soap. — Both sodium and potassium soaps are sparingly 
soluble in cold, but readily soluble m hot, water When a hot concentrated 
solution of soap in water is cooled it does not crystallise, but sets, forming a jelly 
which melts again on warming. In this respect it resembles starch or glue and, 
like these, it is a colloid. Soap dissolves in hot alcohol, but is only very sparingly 
soluble in other orgamc solvents, such as ether or petroleum ether. 

The lead soaps of oleic acid are, however, soluble in ether, while benxene 
has the power of dissolving certain soaps, particularly those of the heavy metals. 

Ordinary sodium soaps are precipitated unchanged from their aqueous 
solutions by soluble sodium compounds such as salt. But soaps of difierent 
origin require difierent concentrations of salt solution to cause their precipitation. 
Thus, cocoanut- and palm-oil soaps are much less readily precipitated than other 
soaps, and are, on this account, used in the manufacture of marine soaps which 
give a lather with sea-water 
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A solution of soap is decomposed by a mineral acid, or by any acid which 
IS stronger than the fatty acid present — 

C„H,5rOONa+Ha=NaCl-f-C„HgjCOOH 

If hydrochloric acid be added to a solution of sodium stearate, till the mixture 
turns methyl orange red, the whole of the combined fatty acid is liberated in 
the form of a white curdy mass, which melts and rises to the surface if the mixture 
IS heated, forming a clear oily layer 

If a solution of soap be treated with a soluble salt of a metal whose soap is 
insoluble, this insoluble soap is immediately precipitated Thus, with calcium 
and zinc sulphates and sodium stearate — 

2f ^H^gCOONa i-CaSO4=(C„H3sCOO)g0a+NagSO4, 
2Ci,H,gC00Na+ZnS04=(Ci,H3BC00)3Zn+Na3S04 

The production of calcium and magnesium soaps has been referred to already 
as the source of trouble uhen hard water is used Zinc and other insoluble 
so.i])s are sometimes precipitated on fabrics intentionally for the purjiose of 
jirodiiciiig a waterproof finish 

^ hen soap is heated it melts, and if the heating be continued takes fire and 
burns, leaving a residue of sodium carbonate The sodium salts of all organic 
acids form sodium tarbonate when incinerated 

The Hydrolysis of Soap. — Many chemical compounds when merely clis 
sols c d m c old water arc decomposed partly into the hydrates of their c onstituents 
This jirocess is termed hydrolysis Soaps possess, to a marked degree, this 
])ropertj of being hydrolysed by water Thus, sodium stearate, when dissolved 
m water, is partially hydrolysed into sodium hvdroxide and stearic acid — 

Ci,HaBC 00 Na+H 30 _-Na 0 H+Ci,H 35 (’ 00 H 

It should be noted that some chemists believe that the hydrolysis is not 
cjuite so simple as that given in the equation above, but that an acid sodium 
salt of the fatty acid (or an acid soap) is formed — 

2Ci,IlagC00Na +H30^Na0H+t’„H3BC!00Na ('i,H,bCOOH 

Different soaps are hydrolysed to different extents, depending on the nature 
of the fatty acicis they contain It may be stated, as a general rule, that the 
higher the molecular weight of the fatty acid the more readily do its soaps 
h^ drolyse provided that the fatty acids belong to the same class The amount 
of hydrolysis which occurs in any particular soap solution depends, also, upon 
other factors such as (1) the concentration of the solution, (2) its temperature, 
(i) its stife of aggregation As the concentration of the solution decreases, 
the extent of the hydrolysis increases till a certain dilution is reached, after 
which the addition of water produces no further hydrolysis Thus, in the case 
of a particular soap, the volume of decinormal acid necessary to neutralise the 
alkali liberated from the same weight of soap dissolved in increasing volumes 
of water at 15° C were — 



Acid J <jui\alint uf Alkali 

ililutiun 

Ii(m rated in 0,0 N/IU 


hfilutifin 

1 111 JO 

1 2 

1 in 3U 

3b 

1 in 40 

40 

1 m50 

40 
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M‘Bam (Reports on CoUotdal Chemutry, 1920, p. 2) ataten that, in extreme 
dilution, hydrolyhia is very appreciable, but, once the concentration of aoap 
approaches decmormal, the hydroxyl-ion concentration increasea, but slowly 
with further increase of concentration, and passes through a flat maximum shortly 
before normal concentration is reached The results obtained by E M F m 
sodium and potassium soaps at 90° 0 are given in the following table, in which 
concentrations are expressed in weight normality — 



Sodium JPalmitate 

J’ciloBsmm Palmitato 

OH' 

Pti cent 
Hydrolysis 

on 

Pci cent 
Jlvdrolysis 

I ON 

0 (KI20 

0 20 

0 OOOK 

OOK 

0 7^ 

0 OOit 

0 iO 

0 0024 

0 )1 

0 ')N 

0 0019 


0 0012 


0 IN 

OOOIJ 


0 001) 

1 25 

0 cnN 

OOOll 


0 0010 

2 02 

0 (JiN 



ODOM 

liiO 

OOlN . 

0 tKK)7 


0 0007 

08 


The soap solution remains distinctly alkaline even m presence of large excess 
of palmitic acid Thus, an excess of 10 per cent of palmitic acid only reduced 
the alkalinity jth of that given in the table, while when IfX) per cent excess was 
present the OH' is still 0 0004 Thus, only traces of free fatty acid can bo present 
in any soap solution, and therefore the eftect of hydrolysis cannot be to liberate 
free fatty acids, but an and soap intermediate between the neutral soap and 
the compound NaHP^ whore 1’ represents the fatty acid radii le Hydrolysis is 
diminished, or even inhibited, by the presence of such bodies as aliohol, glyicrol, 
sodium salts, and free alkali If two equal weights of dry soap be placed in 
separate beakers, and one dissolved in distilled water and the other in an equal 
volume of a dilute salt solution, it will be found on addition of pbenolphthalein, 
that much less standard acid is required to discharge the colour in the presence 
of sodium chloride W hen a c ertain proportion of s ilt is present, hydrolysis is 
inhibited completely, and no jiink colour is produced when phenolphthalem is 
added This seems to throw some light on the use of salt m sc curing coloured 
goods, the liberation of alkali (which attacks the colours) being inhibited, but 
not the detergent action of the soap 

M'Bain and Taylor found that soap solutions are characterised by high 
electrical conductivity, which indic ates that they contain, in addition to neutral 
colloids, something of the nature ot an electrolyte It was established, also, 
that soap solutions have an osmotic pressure of the same order as that of a non- 
electrolyte such as sucrose Further, the molec ular weight of soap was determined 
by the dewpoint metnod (Lewis, System of Physvsal Chemistry, vol ii p 326) 
These experiments indicate that, as the soap solutions become more dilute, 
there is a gradual transition from colloid to crystalloid Formerly the colloidal 
solutions, like those of soap, were thought to contain aggregates of undissolved 
molecules of soap with adsorbed Oil ions, giving the aggregate a negative 
charge M‘Bain and Salmon have advanced the micelle theory to exjilain the 
phenomena observed Soap belongs to a class of compounds termed colloidal 
electrolytes 'These are, according to this theory, salts in which an ion has 
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been replaced by a heavily hydrated polyvalent micelle, consisting chiefly of 
agglomerated anions, each micelle carrying an equivalent sum of total electrical 
charges and conducting electricity as well as, or better than, the simple ion 
which it replaces. The formula ascnbod to this ionic micelle in a soap solution 
such as one containing sodium palmitate is (NaP)f.(F')„.(H 20 )m 

According to this formula (M'Bain), the composition of the micelle mu^t alter 
continuously with change in concentration or temperature, or upon the addition 
of salts to the solution. Thus, in very concentrated solutions or in presence 

of large amounts of another electrolyte, such as 
sodium chlonde or hydroxide, the soap must be 
nearly all colloid of approximately the composition 
(NaP), (P')„ (H,0)„ 

The molecular weight of the ionic micelle must 
be at least 3(KK), although that of sodium palmitate 
is only 21)5 

Lathering Power. — Dilute solutions of soaps, 
when shaken, form a foam or lather. As a general 
rule, the more readily a soap forms a lather the 
better will be its scouring action This property 
can bo measured by determining the volume of a 
I per cent, solution of the soap, which must be 
added to a defimte volume of water to produce a 
permanent foam, as in the soap test for hardness. 

Emulsifying Power of Soap Solutions.— One 
of the important properties of soap is the power 
which its aqueous solutions have of emulsifying 
fats and oils Both oils and fats are insoluble in, 
and immiscible with, water When oil is shaken 
with water it becomes separated into globules, but 
as soon as shaking ceases these rise to the surface 
and, coalescing, form again a layer of liquid oil. 
But if a dilute solution of soap be substituted for 
the water the oil is broken up, on shaking, into very 
minute globules, which become so intimately mixed 
with the soap solution that they no longer coalesce 
readily when shaking ceases, but remain m suspen- 
sion This intimate mixture of oil and soup solution 
C - IS termed an emulsion The effect of soap solutions 

J*n. 128 - Drop-number on od can be studied by the aid of Doiman’s 

u)>i)aiatus. “ drop-number ” apparatus The following de- 

scription is from Hatschek’s ColUnds, p 38 The 
ap^iaratus (fig 128) consists of a pipette A, provided with a length of capillary 
tube B loading to the bend C This is drawn out to a point D, which is 
ground flat The pipette is filled with the oil and the gutlet submerged in the 
soap solution The oil is then allowed to issue from the pipette, the rate being 
regulated bv means of the tap 

If the oil be allowed to flow into water, it will issue in drops. The size of the 
drop depends upon — 

1 The sjiecific gravity of the two bquids 

2. The nature and diameter of the orifice. 

3 The temperature. 
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4. The surface tension a^ng round the circumference of the outlet which 
tends to retain the drops. ^ ou ^ 

^ >-*. (5a A*. OCX*-/ cCSJMAv.' 

When the oil is allowed to issue into water, a certain number of drops will ‘ 
be formed by the volume contained in the pipette. If water be now replaced*^ 
by a dilute solution of soap, at the same temperature, the number of drops’^ 
formed from the same volume of oil will be much greater than when water was , 
used. If more drops are formed each must be smaller also This is because i 
the surface tension acting round the orifice is less The soap solution exercises u 
less tension than the water, t.e. the soap has lowered the surface tension between -e 
the water and oil. In the case of two immiscible hquids this .tsusion. is termed 
“ interfacial ” Donnan 'found that (1) any d ecrease in this interfacial .tension 
ca'used a corresponding increase in the “drop number” , and (2) t he e mulsifying 
power of the soap solution is due to the decreased interfacial tension. ""Water 
has a high interfacial tension towards grease and, hence, does not emulsify it ; 
a solution of soap in water has a low interfacial .tension towards grease and 
emulsifies it readily According to Nuttall (J.S C 1 , 1920, 69T), the result 
of this low interfacial tension is twofold Firstly, the soap becomes concen- 
trated at the surface of the oil globules, and, owing to the surface viscosity pro- 
duced thereby, the film of liquid intervening between two oil globules resists 
thinning, and the consequent coalescence of the globules 

The second reason why a liquid possessing a low interfacial tension, with 
respect to oil, should emulsify it, is that the force tending to break the aqueous 
film intervening between the globules of oil is that of the interfacial tension of 
the aqueous liquid to the oil, and if this be small, it is not sufficiently strong to 
withdraw the aqueous him separating the globules. The following experiment 
18 described by Nuttall to illustrate the nature of the film of liquid between 
adjacent oil globules which resist thinning, and, hence, coalescence of the 
globules “ If a fair-sized bubble of thick mineral oil be placed on the surface 
of a somewhat concentrated solution of sapomn, and, by means of a pipette, 
saponin solution be introduced into the centre of the floating globule of oil, it is 
possible to produce a bubble of oil filled with sapomn solution, the bubble itself 
floating in the external saponin solution The thin layer of oil forming the skin 
of the bubble, whilst, of itself, quite incapable of giving a tenacious film, has 
become so fortified both internally and externally by the saponin adsorbed on 
each interface, that a completely ngid structure results This bubble of oil is, 
in fact, a large-scale representation of the condition of a minute globule of oil 
111 an oil emulsion, except, of course, m the latter case, the globule of oil contains 
none of the emulsifying agent within itself.” Nuttall found that the wetting 
power of a liquid was also associated closely with its emulsifying power A 
solution of soap with a high emulsifying power has a correspondingly great 
wetting powe7. In the case of textile fabnes this increased wetting power is 
owing to low surface tension, permitting the liquid to penetrate the capillary 
interstices. 

It IS obvious that the soap must be in the form of a solution to exercise its 
emulsifying powers Hence, for scounng wool, only soaps readily soluble in 
water at a low temperature, such as sodium oleate, can be used, while with cotton 
those soluble at a higher temperature are preferred ; for example, sodium stearate. 
Hillyer {Thtrd Report on CoUotdal Chetn%stry, p. 16) found that the surface 
tension of sodium-oleate solutions towards paraffin oil continues to diminish 
rapidly with increasing concentration up to decinormal. At a temperature of 
100° C the curve connecting surface tension and concentration exhibited no 
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marked difleience from that at a lover temperature Bosm eoap behaves m 
the same way as sodium oleatc It may be acted that sodium oleate is readily 
soluble in water Sodium palmitate and stearate, which are soluble only m hot 
water, were investigated at 70° C and 100° C HiUyer found that traces of these 
soaps do not lower greatly the surface tension of water towards oil, but as the 
concentration passes through N/1000 the surface tension falls very rapidly at 
first, and then above N/180 more gradually up to N/20 solution 

It may be noted that decmormal sodium hydroxide has almost as~great a 
surface tension as water Yet oils are emulsified by it This is due, however, 
to the fact that all triglycendes contain traces or even a considerable quantity 
of free fatty acids These are saponified by the sodium hydroxide, and the soap 
produced causes the emulsification of the oil The same is true of sodium- 
carbonato solutions Shorter, using soap solution and mineral oil, found that 
the diu]i number increased rajiidly up to a concentration of U 4 per cent of soap. 
Further increase in the concentration of the soap solution had little effect, ^ e. 
there was no further increase m the <lrop number and consequently in emulsifying 
power This concentration was not the same for all soajis, but he argues that 
it is wasteful to use any soap in concentrations above that which has been found 
by experimeni to give the maximum drop number 

Shorter’s results are not in agreement with those of Hillycr for sodium oleate, 
since a decinormal solution of this soap would contain nearly 3 per cent 

A soap should not only emulsify oil readily, but the emulsion should be fairly 
“ stable ’ Shorter found that the concentrations giving maximum stability were 
not the same as those giving the greatest emulsifying power The maximum 
stability was produt ed with c on< entrations of from 0 2 to 0 3 per cent He 
states also that the presence of small quantities of free alkali in the soap solu- 
tion increase the drop number, but above a certain concentration diminish the 
stability of the emulsion formed in the case of mineral oil Ai cording to Brigga 
and Schmidt (J Phys Chem , l‘)15, p 479), the maximum concentration of soap 
solution for the emulsification of benzene is 1 per cent, while Harkins gives 
tlOlN The addition of 0 1 per cent of alkali favoured emulsification, but 
larger quantities decreased the stability It will be observed that there is room 
lor furtlier exjierimeiits to clear up some of these points It is, for example, 
curious, that while drop number determinations appear to indicate that dilute 
solutions of soap, even at 100° C , have the greatest emulsifying powers, yet in 
jiractice concentrated solutions are nearly always used 

The Detergent Action of Soap. — Many theories have been suggested to 
explain the detergent action of soap solutions Dirt is commonly associated 
with, and, in fac t, c eniented on to, textile fabrics by means of oil or fat If this fat 
can be lemoved, the dirt is often capable of being liberated by merely washing 
with Wider or by the ac tion of gravity But some of the ebrt is so intimately 
connetted with the fabric as to be incapable, even m the absence of grease, to 
be removed by simple washing Thus, the soap must do something beyond 
emulsiiy ing fat or mineral oil 

The HydioJysts Theory — One of the oldest theories of the detergent action of 
soap IS that it is due to the liberation of sodium hydroxide by hyclrolysis This 
hberated alkali was thought to saponify the fat and remove it as soluble soap, 
the dirt being simultaneously liberated and removed by the motion of the scour- 
ing liquor But the quantity of sodium hydroxide which could be liberated by 
hydrolysis would be muc h too small to sajionify all the fat present, and saponifi- 
cation by such a dilute solution of sodium hydroxide, in the short time dunng 
which it could act, would be impossible Sapomfication by means of dilute 
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aqueous solutions of either sodium or potassium hydroxide is a very slow process. 
The saponification of the fatty constituents of cotton requires several hours, 
even at a temperature considerably above 100° C. But if sodium hydroxide 
be liberated by hydrolysis, it could neutralise any free fatty acids which were 
present. 

Jackson's Theory of Pedesis — This is founded on the phenomenon of Brownian 
movement or pedesis When finely divided insoluble particles are suspended 
m water and observed under the microscope, they will be seen to he constantly 
oscillating. This motion is known as the “ Browman movement ’’ (vide Jackson, 
Cantor Lecture, 1907) or “ pedesis.” The presence of soap increases the rate 
of this movement, ]ust as other bodies, such as sulphates, retard it According 
to this theory of cleansing, the soap and liberated alkali first saponify or emulsify 
the envelope of grease which causes the particle of dirt to adhere to .i fabric and 
thus liberates the dirt. This, if sufficiently large or only attached to the surface, 
IS now removed by gravity. If, however, the particles be very minute and en- 
tangled within the fibres of the fabric, gravity alone will not remove them As 
soon as they are freed from their enclosing greasy envelopes they commence to 
oscillate, the rate of oscillation being accelerated by the presence of soap, and 
thus they gradually become removed from the fabric If this theory be correct, 
a knowledge of the bodies which either promote or hinder pedesis is of great 
inqiortance Caustic soda in small quantities, sodium silicate and carbonate and 
soap are the chief assistants, while sulphate and chloride of sodium, calcium or 
magnesium salts, glycerol and other alcohols, exercise a marked retarding 
effect 

From the results of a number of expenments made in the author’s laboratory, 
it was proved that sodium sulphate or chloride require to be present in con- 
siderable quantity to inhibit appreciably the hydrolysis of soap Thus, in most 
cases at least, a 1 per cent solution is necessary. This is much above the quantity 
likely to be present either in the water or as an impurity of the soap itself On 
the other hand, quantities of sodium sulphate which are insufficient to inhibit 
hydrolysis have a marked effect on the scouring power of a soap Thus, in one 
cxjienmcnt, two equal quantities of the same cotton were boiled with soap 
solution to which, in one case, 1 per cent of sodium sulphate had been added. 
After boiling, the cottons were thoroughly washed, dried, and weighed It was 
found that while the soap alone remov^ 2 13 per cent , in the presence of sodium 
sulphate only 1’12 per cent was removed These expenments indicate that 
hydrolysis has very little to do with the scouring action of soap, but that jicdesis 
is an important factor 

The Emulswn Theory — The emulsification of oil by soap .solutions has been 
held for a long time to be an important factor iii the detergent action of soap. 
It has been referred to fully above 

The ColUndal Theory — It has been mentioned above, that although much of 
the dirt on fabnes is associated with grease, there is much that is not. It is a 
matter of experience, for example, that if a piece of dirty fabric be extracted 
with ether in a Soxhlet extractor and then washed with water, it still retains 
dirt If it IS now Washed with soap and water this dirt is removed Yet no 
grease could have been present Hence, soap must in some way remove dirt 
which is not associated with grease 

Spring ( J S C /., 1909, p 430 , 1910, pp 99 and 363) attributes the detergent 
action of soap to the formation of absorption compounds between the soap and 
the dirt, which are more stable than those existing between the material and the 
dirt. Thus lampblack can be filtered from water by means of filter-paper, and 
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the deposit cannot be removed by washing with water alone If, however, 
lampblack be suspended in soap solution it assumes a colloidal condition and 
readily passes through filter-paper and loses the power of adhering to it In 
the same way iron oxide, colloidal iron hydroxide, and silica all form absorption 
compounds with soap Thus a 1 per cent solution of soap will carry 206 times 
more clay and 37 times more sihca through a filter paper than water alone In 
using hydrated precipitated silica of the composition TSiOjSHjO, Spring found 
that when this compound was shaken with soap solution the latter was partially 
split into a more basic and a more acid portion A part of the basic soap was 
precipitated on the silica, the supernatant hqmd containing less ash than the 
original solution After filtration the solids of the filtrate contained more ash, 
the (quantity increasing with the dilution of the soap solution The absorption 
compounds are unstable and decomposed by excess of water The rate of settling 
of suspended silica from a soap solution bears a definite relation to the concen- 
tration Thus, with clay, the rate of sedimentation is lowest at a concentration 
of *2 pcJ" <'®nt of soap Beyond this it increases, and at J per cent concentration 
it IS very rapid The colloidal theory is supported by the impossibihty of 
(leaning man} fabrics without the aid of combined milling and soaping The 
effettiveness of this operation is most marked after the usual solvents have been 
applied and have failed to remove the matter entangled in or adhering to the 
fabric Thus in many cases no grease can be left, so that we must be dealing 
with some phenomenon of physical solution This is particularly noticeable in 
the case of blackened stains 

It IS evident that no one theory can explain completely the detergent action 
of soap The following conclusions arc taken from the Third Report on Colloid 
Chenmtry ‘ It emerges from all this discussion that there are a number of 
definite factors in detergent action , first, the necessity for having the soap 
111 solution , second, power of emulsification which goes parallel with low surface 
tension and the formation of surface films , third, wetting jiower which, like the 
last, IS ascnbable to the undeconiposed soap itself, fourth, the action of soap 
111 forming non-adhesive colloidal adsor|>tion compounds with tissue and im 
purities due sometimes to acid soap, but more often to soap itself, and capable 
of remaining in stable susjiension , fifth and lastly, it is an essential in all cases 
that the soap should be in colloidal form ” 

The Analysis of Soap. — The analysis of soap includes some or all of the 
following — 

1 The iiercentage of (o) water, (h) fatty acids, (c) combined alkali, (d) free 
alk.ili (c) unsaponihed fat or unsapomfiablc oil, (/) silica or other mineral 
impurities 

2 The exaniination of the fatty acids, including the detection and estimation 
of rosin if present 

3 The testing of its detergent action 

The following methods may be used — 

1 Water — About 5 grammes of the sample are cut into fine shavings and 
weighed in a flat bottomed dish The dish and its contents are dried for some 
lipe at about 4()° to 50° C in order to prevent the soap from melting The dish 
the “n placed in an air oven, heated to a temjierature of 105° C , and weighed at 
ing luvlh till no more weight is lost 

hydrol)'»ffy Ands — About 10 grammes of the soap arc dissolved in hot distilled 
cation bjhe solution is then titrated with normal acid, with methyl orange as 
which it cud the total alkali present (»>lculated as so^um oxide, Na20 The 
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beaker containing the decomposed soap is now placed in boiling water till the 
fatty acids form a clear layer on the surface. A ribbed filter-paper is placed in 
a funnel, wetted, and the mixture filtered, care being taken to prevent the fatty 
acids from solidifying on the filter-paper. If the mixture be kept hot, the fatty 
acids remain on the paper. They are washed several times with hot water and 
finally allowed to dram. A flat glass evaporating dish with vertical sides is 
then placed beneath the filter-funnel, and the fatty acids on the filter are dissolved 
m hot spirit and collected in the dish. The spirit is then evaporated and the 
residue dried and weighed. 

Alternatively, the soap solution can be washed into a separating funnel, 
decomposed with acid and extracted with ether, the ethereal solution of the 
fatty acids being evaporated m a weighed flask. It should be noted that 
petroleum ether is not a good solvent for some kinds of fatty acids and rosin 
acids. 

The fatty acids obtained by either of these methods include any unsaponified 
or nnsaponifiable oil that may be present. 

3. Combined and Free Alkali . — About 5 grammes of the sample arc cut into 
flakes and dned at a low temperature. The dry soap is then placed m a ribbed 
filter paper, and this is extracted with boiling neutral alcohol in a continuous 
extractor, described on p. 77 The soap and any free sodium hydroxide are 
dissolved, sodium carbonate and other impurities remaining m the filter-paper, 
A drop of phenolphthalein solution is added to the alcoholic extract If a pink 
colour be produced, decmormal acid is added till it is discharged The volume 
used gives the quantity of caustic alkah present. The alcoholic solution is next 
evaporated, the residual soap dissolved in hot distilled water and titrated with 
normal acid and methyl orange. From the volume of normal acid used the 
combined alkali (Na^O) is calculated 

The residue on the filter-paper is washed with hot water to dissolve sodium 
carbonate. The combined washings are cooled and titrated with decmormal 
acid m presence of methyl orange Each cubic centimetre used is equivalent 
to O'OOfiS gramme of anhydrous sodium carbonate 

The method just described takes some time to carry out. When only free 
caustic alkali is required the following is more rapid Ten grammes of the soap 
are dissolved m about 125 c.c of hot distilled water free from carbon dioxide, 
and the solution transferred to a 250 c c flask. To this is added a slight excess 
of barium-chloride solution, say 25 c.c of a 10 per cent, solution. After mixing 
and adding more barium chlonde, if necessary, the contents of the flask are 
made up to 250 c c. with carbon dioxide free distilled water, mixed and filtered. 
The extra 10 c c are to compensate for the volume of the precipitate. The 
whole of the soap will have been precipitated as an insoluble banum compound, 
while any caustic soda present will have been changed into soluble barium 
hydroxide — 

2NaOH-f-BaClj=2NaCl+Ba(OH)ss. 

If a portion of the filtrate be titrated with decmormal acid, this barium 
hydroxide, and consequently the original sodium hydroxide, can be calculated. 
The total free alkali can be determined in a similar manner Ten grammes of 
the soap are dissolved as before and transferred to a 250 c.c. flask. A hot 
saturated solution of sodium chloride is then added, m small quantities at a time, 
to the soap solution with agitation, till the soap is completely precipitated. The 
mixture is then cooled, made up to 250 c.c. as before, and filtered. Fifty c.c. 
of the filtrate are then titrated with deoinormal acid and phenolphthalein till 
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the pink colour diHappears and does not reappear on boiling. From the volume 
of acid UHed the total free alkali (aa Na^O) can be calculated. If free caustic 
alkali has been determined by the barium-chlonde method (as NagO) the sodium 
carbonate may be obtained by difference. 

Newington (J.S C 1 , 1916, p. 95) describes the following method Ten 
grammes of the soap are placed in a 250 c.c. flask and dissolved in 50 c c. 
of hot carbon dioxide free water. Fifty c.c of a hot saturated solution of 
sodium suljihate are added. The mixture is then transferred to a separating 
funnel, the flask being rinsed with saturated sodium-sulphate solution. The 
separator is then placed vertically in hot water or a steam-oven till the 
soap separates and collects at the surface. The lower layer is drawn off 
and titrated, using sjiots of silver-nitrate solution on a porcelain plate as in- 
dicator As long as any free sodium hydroxide is pre.Hent brown silver oxide 
IS jiroduced 

4 Free Fat and Unsaponifidble (hi — A weighed quantity of the soap is cut 
into thin shavings, dried as deseribe.d above, and extracted with petroleum ether 
in a Soxhlet extractor (p 76). After extraction the petroleum ether is poured 
into a sejiaratmg funnel and washed once or twice with small quantities of water 

to remove any dissolved soap The washed 
extract is then evaporated m a weighed 
flask and the residue dried and weighed 
Thi,s will include both unsaponificd fat and 
unsajionifiable matter The letter can be 
determined m this residue m the manner 
described on p. 264 

Silica and other mineral impurities are 
estimated m the ash This, which consists 
largely of sodium carbonate, is treated with 
hydrochloric acid The solution is evapor- 
ated to dryness, moistened with concen- 
trated hydrochloric acid, again dried, and 
Fio 12‘1- -Apparatus fori osin acids, finally baked or ignited gently on a hot 

]ilate The residue is then treated with 
warm dilute hydrochloric acid and any imsoluble silica filtered off, washed. 
Ignited, and weighed 

The Examination of (he Fatty Acids — Eosin acids are detected m the mixed 
fatty acids by the following test About 1 gramme is placed in a dry test-tube, 
a little acetic anhydride added, and the test-tube warmed gently till the fatty 
acids are dissolyed After cooling, the solution is poured into a flat porcelain 
dish, a drop of concentrated sulphuric acid is then added. If rosm acids arc 
present a violet colour is immediately produced Rosm acids may bo estimated 
by Twitchell’s method. 

About 3 grammes of the mixed fatty acids are dissolved m 30 c c. of absolute 
alcohol, and the solution is subjected to the action of a rapid stream of dry 
hydrochloric acid gas. For this purpose the apparatus illustrated m fig. 129 
may be used. Concentrated hydrochloric acid is placed m the two-holed flask, 
and strong sulphuric acid iS allowed to drop into it slowly from the tap-funnel 
The solution of the fatty acids is placed in the beaker, and the hydrochloric acid 
passes m through the inverted funnel This is to produce a larger surface and 
to prevent the solution from being sucked mto the generating flask. The beaker 
containing the dissolved fatty acids must be cooled by standing it in cold 
water. 
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When fatty andn are treated in this manner esters are formed. Thus : 

C„H8,C00H+C,H,OH=C„Hg,C00CjH6+H*0. 

Rosin acids, on the contrary, remain unchanged. 

When no more hydrochloric acid w absorbed, the beaker is covered and 
allowed to stand for an hour to complete the esterification. Distilled water is 
then added and the contents of the beaker boiled till most of the hydrochloric 
acid has been expelled. The mixture after cooling is run into a separating 
funnel, the beaker being rinsed with ether. More ether is added and the separator 
IS then closed and shaken. The lower layer is run off, and the ethereal layer, 
which contains both the eaters and rosin acids, is washed with cold distilled 
water. Fifty c c. of a cold 1 per cent solution of potassium hydroxide are 
then added together with 5 c c of alcohol This will convert the losin acids 
into soluble potassium soaps, the esters of the fatty acids remaining dissolved 
in the ether. The lower solution of rosin soap is run off into another separating 
funnel Hydrochloric acid is then added, and the liberated rosin acids are 
dissolved in ether, the ethereal solution transferred to n weighed flask, evaporated, 
dried, and weighed 

The Tiler Test — Valuable information about the nature of the fatty acids 
may be obtained from the results of the titer test A dry test-tube (about 
6 cm long and 3-5 cm. in diameter) is half filled with the dried fatty acids. A 
delicate thermometer, held by a cork, is placed in the tube The fatty acids 
are melted and then allowed to cool (protected from draughts) until a few 
crystals arc formed at the bottom of the tube The mass is then stirred by 
means of the thermometer, without allowing it to touch the sides of the tube, 
in such a way as to incorporate these crystals with the rest of the fatty acids. 
The cork is then replaced and the thermometer watched carefully. The temper- 
ature will continue to fall for a time, but finally will rise and remain stationary 
for a short time as the fatty acids solidify This stationary temperature is 
known as the “ titer ” 

Different oils have varying but fairly constant titer values. This is seen in 
the table. The test is useful for two reasons Firstly, as a general nile, a low 
titer is .‘iccompanied by high solubility of the soap. Seconilly, the titer te.st 
enables one to ]udge the nature of the oil from which the soap has been 
made 


Nature of OiL 
Ohvo oil . 
Palm oil . 
Cocoanut oil 
Cotton-seod oil 
Araclus oil 
Palm -nut oil 
Castor oil 
Bone fat . 
Tallow 
Skin grease 


Titer of Patty Aeiils “C 
. 21 
.S(i to 45 
22 to 25 
.33 to 45 
24 to 28 
. 23 to 25 

2 to 5 
40 to 42 
. 42 to 46 

. 35 to 38 


Iodine Value — This denotes the percentage of iodine which is taken up 
by an oil or its fatty acids, and is a measure of the unsaturated fatty acids 
present. The lodine-value test is one of the most important in the examination 
of oils and fatty acids. 

The following solutions are required : — 

Iodine Solution (Wijs). — 9*4 grammes of iodine trichloride and 7-2 grammes 
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of iodine are diRnolved in Heparate poitions of glacial acetic acid in flaftka which are 
covered to prevent abaorption of moiKture. When diasolved the two solutions 
are poured into a 1000 c.o. flask and made up to the mark with glacial acetic 
acid. 

Lewkowitach recommends the following method of preparation on account 
of cheapness : Thirteen grammes of iodine are dissolved m a litre of glacial 
acetic acid and the exact amount of iodine present determined by titration 
with thiosulphate Washed dry chlorine is now passed through the solution 
till the original titer is exactly doubled, te. until all the iodine is present as 
iodine monochloride, the solution at this point undergoing a distinct change in 
colour. The solution, having been made in either of the above ways, is titrated 
with decinormal thiosulphate and its lodmo value determined If carefully 
kept it will remain unchanged for a long time. If only used occasionally it 
should be titrated each time. 

Decinormal sodium thiosulphate solution is made by dissolving 24-8 grammes 
of the crystalline salt in a litre of water. 

Chloroform, or carbon tetrachloride, which must absorb no iodine This is 
ascertained by mixing equal volumes of the tolvent and iodine solution, and after 
some time titrating the iodine with the thiosulphate solution. The volume of 
thiosulphate required should be exactly the same as for the iodine solution 
alone 

Starch Solvtum. — Five grammes of soluble starch are made into a thin paste 
with water, and poured, with stirring, into 50 c c of boiling water The solution 
must be freshly made each day 

Potannum-iodide Soltition — A 10 per cent, solution is used The iodide 
must be free from lodate, since the latter, when treated with hydrochloric acid, 
gives free iodine. 

Method of Performing Experiment. — From 0‘1 to 0 3 gramme of the oil is 
weighed into a well-stoppered white glass bottle of about 500 c c. capacity and 
10 c c- of chloroform are added. 

Lewkowitsch gives the following quantities as suitable — 

Drying or marine animal oils . . . 0 16 to 0 IR 

8cmi-drying oil . . 0 2 to 0 3 

Non-drying oil 0 3 to 0 4 

■Solid oil . 0 8 to 1 0 

Twenty-five c c of the iodine solution are then run in from a pipette, the 
stopper replaced, and the bottle allowed to stand in a dark place for an hour 
Great cure must be taken to always deliver the iodine solution m the same way. 
If a clear solution be not formed after the addition of the iodine solution, more 
chloroform is added. If during the experiment the colour becomes light brown, 
mure iodine solution should be added, since the absorption only takes place 
regularly m the presence of excess of iodine. At the end of an hour 20 c.c. 
of the potassium-iodide solution are added and decinormal thiosulphate solution 
run m from a burette until only a faint brown colour remains A few drops 
of starch solution are now added and the titration continued till the blue colour 
]ust disappears. The volume of the thiosulphate solution used, deducted 
from that required for 25 c c. of the iodine solution, gives the equivalent 
m thiosulphate of the iodine absorbed by the weight of oil taken for the 
experiment 

The following table gives the iodine values of some of the common oils and 
of their mixed fatty aci^ : — 
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Kind of Oil 

lodme Value 
of Oil 

Iodine Value of 
Fatty Acids. 

Castor oil , 

83 80 

87-93 

Olive oil . 

80 88 

80 90 

Cotton-seed oil 

10.3-108 

111 -116 

Arachis oil . . . 

83-100 

90-103 

Palm oil . . . . 

61 6 

63 3 

Palm-nut oil 

13-U 

120 

Coooanut oil ... . 

10 7 


^ne fat 

66 5 

666 

Tallow 

40-li5 

66-67 

Neatsfoot 

09-70 

62-63 


Detergent Power. — Many methods have been proponed for comparing the 
detergent power of different soaps. 

Donnan’s drop-number pipette is quite smtable. Its use depends, as explained 
above, upon the fact that the emulsifpng power of a soap varies with the 
degree to which it lowers the interfacial tension of water towards grease. 

In order to obtain comparable results the conditions of experiment must 
always be the same. A 0*5 per cent, solution 
is placed in the beaker and the pipette is filled 
with kerosin or benzol. The tap is then care- 
fully adjusted so that about four drops per 
minute issue from the ground end of the 
pipette. The total number of drops formed 
by the contents of the pipette is counted. 

The detergent power of the soap solution varies 
directly with the number of drops formed. 

The temperature must be that at which the 
soap IS to be used. Thup, for woollen goods 
100° F. would be suitable, but 212° F. would 
be more appropriate for cotton It is very 
important that the orifice of a drop-number 
pipette should be ground perfectly flat and 
smooth. 

Hillyer (Analyiit, 1904, p. 122) recommends 
the following process His apparatus (fig 130) 
consists of a pipette A, which holds 5 c.c from 
a mark on its upper stem to another on the 
lower capillary outlet tube, the bore of which is 0’5 mm. and which ends in a 
smooth horizontal surface 10 mm. in diameter from which the drops fall. The 
stem has a bore of 3 mm., and is widened at its upper end into a small funnel. 
BC is an oil receptacle. It consists practically of two test-tubes connected by 
an overflow tube, so that the oil in B can overflow into C, being thus maintained 
at the same level in B. 

In using the apparatus, 2 or 3 c.c. of water are poured mto’ B, followed by 
20 c.c. of kerosin. Some of the soap solution to be tested is heated in boiling 
water, poured into the pipette, and expelled through the capillary by blowing 
at the other end. After repeating this twice, the pipette is ffll^ with the soap 
solution, supported by means of cork and dipped into the kerosin. The number 
of drops formed by 6 c.c. is then cpunted. 



130 — HiJlyor’s drop number 
apparatus. 


25 
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The test may be earned out at room temperature, or any higher, by placing 
the oil receptacle m a beaker of water at the required temperature. 

Two tests are required- - 

1 Hot Text - A O-f) ])er cent solution of sodium palmitate is used as the 
standard for eouipansim This is prejiareil by dissolving 0*921 gramme of 
palmitic acid in 3(i c c. of deciuormal sodium hydroxide and diluting to 200 e.c. 
with water Of this solution, 10cc,20cc,30ec, and 40 c.c are diluted 
to 50 c c with boiling water The number < f drops formed by 5 c c of each 
of these solutions, as well as by the undilutea standard, is counted, the results 
being jilotted on a curve 

2 Cold Test — A similar curve is plotted, using 1 gramme of a 0*5 per cent, 
solution of sodium oleate as the standard and diluting in the same way. This 
solution IS m.ide by dis.solving 0 927 gramme of oleic acid m 32 9 c c of decinormal 
sodium hydroxide solution and diluting to 2(X) c c with water. In order to 
value a soap by means of the hot test, 0*5 gramme of the sample is dissolved in 
](K) c e of hot water, and the number of drojis formed at 100° 0 by 5 c e is 
counted The result in terms of sodium palmitate is then read off from the 
curve 

For the cold test, 0*5 gramme of fine shavings are allowed to stand overnight 
with 100 c c of cold recently boiled water The solution obtained is stirred 
and hltered through a dry filter-paper in a covered funnel, collecting all that will 
run through The filtrate is then stirred gently, and 5 c c tested as above and 
eomp.ired with the sodium-oleate standard. 

M'llain, Hurborne, and King {JSC I, 1923, T. 373) propose to measure 
the detergent power of a soap by estimating the quantity of hnely divided carbon 
which its solution will carry through a filter-paper The carbon may be weighed 
or determined colorimetncally by comparison with a special dye solution made 
by the British Drug Houses, Ltd The “ carbon number ” obtained in this 
way may be taken as ,i measure of the detergent action of the soap solution 
“ Auk ” carbon black and Whatman No 31 filter-paper are used The method 
recommended for the colorimetrie process is as follows One gramme of the 
carbon black is placed in a large test-tube with 20 c c of the .soap solution, 
shaken thoroughly and allowed to .stand for twenty-three hours at a fixed 
temjier.iture, then again .shaken and allowed to stand for another hour. The 
mixture is then poured on a 11 3 cm Whatman No 31 filter-paper, the filtration 
being carried out at the same temperature as the digestion. Ten c c of the 
filtrate are collected and diluteil to a known volume with alcohol The sjieci- 
ficiition of the standard dye solution u.sed is 50 c c of nigrosine solution of con- 
centration 0 ()5() gramme per litre, 20 e.c of Bismank brown solution (0*0858 
gramme per litre), 100 c c of distilled water The light transmitted by this 
solution IS the same as that of the filtrate from a soap with a carbon value of 1*19 
In order to oht.im the carbon number of aiiv commercial soap it is only necessary 
to compare the filtrate, after diluting “ 10 ” grammes to 100 c c. with alcohol, 
with the standard dye solution and apply the formula 

0 = 1 * 19 ,-^. 

ho 

I, and / are the lengths of the columns of standard liquid and filtrate respec- 
tively, and w is the weight of the filtrate which has been diluted to 100 c c 
with alcohol This test is based upon the observations of Spring referred to 
above. Attempts have been made also to measure the detergent power of soap 
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by an actual washing test on a piece of soiled fabric under standard conditions. 
Heermann’s test {J S C.1 , 1921 , 176a) may be taken as an example. 

The fabric is artificially soiled by immersion in a 0*5 per cent, solution of 
20 per cent colloidal indigo paste, pressed until it contains its own weight of 
liquor, and dried at the ordinary temperature It may be further similarly 
treated with starch paste and a solution of machine oil in benzene or ether. 
Samples of the soiled fabric (10 grammes) are cleansed by squeezing twenty times 
at room temperature in 250 c c of water, of 0 4 per cent, solution of sodium 
carbonate, of 0-4 per cent solution of soap powder, or of a solution contaimng 
0 125 per cent of palm-oil soap (60 per cent fat), and 0-075 per cent of sodium 
carbonate The liquor, contained m a porcelain dish, is heated on the water- 
bath in from ten to fifteen minutes to 50“ C and the fabric again squeezed twenty 
times The dish is then removed from the water-bath, and after each of three 
intervals of fifteen minutes the fabric ls squeezed twenty times (100 times in all), 
washed in lukewarm water till no more colour is extracted, washed in cold 
running water, dried, and pressed with a hot iron (sublimation of the indigo 
must be avoided) Washing must always be carried out with distilled water. 
The liquids mentioned have an increasing cleansing power m the order given, 
and for the last this is considered to be 100 Samples of the artificially soileil 
fabric are cleansed, in the same manner, m solutions of the detergent under 
examination and then compared with the standards The degree to which a 
fabric has been cleansed is judged from its colour, and not from its loss in weight. 
The results obtained by this method are said to agree with those obtained in 
large-scale jiractice 
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ORGANIC SOLVENTS. 

Organic' solvents are liqiuds which have the power of dissolving oil and wax, 
are not decomposed when boiled, and are without deleterious action on the fabnc 
to be exlracted. Commercial solvents must be comparatively cheap and obtain- 
able in large quantities These solvents are used not only in degreasing plants, 
but also in conjunction with soap, for removing locahsed grease patches, and 
in the preparation of levelling or capillarismg solutions used in dyeing. 

There are several distinct types of solvent used for these purjioses, including — 
1 Petroleum hydrocarbons of comparatively low boiling-points, consisting 
chiefly of aliphatic hydrocarbons with the general formula C„Hg „+2 
2. Coal tar or aromatic hydrocarbons, such as benzol, CgHg 
3 Chlorinated hydrocarbons of either aliphatic or aromatic origin 
4. Hydrogenated hydrocarbons and their derivatives. 

A few particulars of these may be given 

Petroleum Hydrocarbons. — These are obtained from American or other 
petroleum, being the fraction termed bght petroleum referred to on p 6!) 
The terms solvent naphtha, benzene, or petrol, or simply spirit, are all used 
rather indiscriminately for a mixture of hydrocarbons boiling from about 8()° 
to 150° C , and whose specific gravity ranges from 0-65 to 0 75 These are all 
colourless, inflammable liquids, which are insoluble in, and immiscible with, 
water The readiness with which they take fire depends upon the proportion of 
hydrocarbons present with low boiling-point As a general rule, it is advantageous 
to have as short a range of boihng-iioints as possible. If the mean boilmg-pomt 
is below 100° C the goods must be dried before degreasing , with a boiling-point 
above 100° C they become dried gradually during extraction by evaporation of 
the water which they contain But a solvent with a very high boihng-point is 
difficult to recover from the degreased goods, and there is in consequence some loss. 

The following table illustrates the differences met with m commercial 
samples — 



1 

2 

3 

4 

Fractiim up to 70° C 

2.5 

10 

00 

20 

„ from 70° to 80° C 

21 5 

20 

26 0 

40 

„ „ 80° to 90° C . 

310 

12 0 

33 0 

14-0 

„ „ 90° to 100° C 

240 

820 

16 0 

33 0 

„ „ 100° to 110° C. 

13 0 

30 

14 0 

26 6 

„ above 110° C 

80 

00 

12 0 

206 


The saturated hydrocarbons, like the paraffins and naphthenes, do not dis- 
solve in sulphunc acid, nor are they decomposed by nitnc acid. They give rise to 
substitution compounds when treated with chlorine, hydrochloric acid being liber- 
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ated. Thus, methane gives four substitution products, CH 3 GI, OHjCIg, CHCl,, 
and COI 4 . The last, carbon tetrachloride, CCI 4 , is also an important solvent. 

Ben^l, also called benzene, is obtamed from the first fractions collected in 
the distillation of coal tar. When coal tar is distilled, it is separated at first 
into four fractions, viz. — 

(1) Light oil or crude naphtha, boihng-point up to 170° C. ; 

(2) middle oil or carbolic oil, boihi^; between 170° and 230° 0. ; 

(3) heavy oil or creosote oil, boiling between 230° and 270° C. , 

(4) anthracene oil, boihng above 270° C. , 

and pitch is left in the retort. 

The first fraction contains many bodies, including water It separates into 
two layers (a) gas hquor, and ( 6 ) hght oil, which fioats on the surface of the 
aqueous gas hquor. The hght oil, when redistilled, is separated into three 
fractions, collected between the following temperatures . (1) 82° to 110° C. ; 
( 2 ) 110° to 140° C. ; (3) 140° to 170° C. These consist of aromatic hydrocarbons, 
together with some phenols and aromatic bases, such as pyridine. The latter 
are removed by washing with sulphuric acid, and the former by means of sodium 
hydroxide. The washed residues are again distilled. The distillate from the 
first fraction consists chiefly of benzene, C 4 H 4 , and toluene, C^Hg, and constitutes 
“ 90 per cent, benzol.” The second fraction gives “ 50 per cent, benzol,” con- 
sisting of benzene, toluene and xylene, CgH^g. From the third fraction is 
obtained “ solvent naphtha,” which consists of xylene and higher homologues 
of the same senes of hydrocarbons. 

Benzol contaimng from 95 to 98 per cent, of benzene, CgHg, is also a commercial 
article. 

Benzol is sometimes partly or entirely replaced by petroleum naphtha. Pure 
benzol IS prepared from the commercial substance by freezing, separating the 
crystals, and redistilling them. 

Pure benzol is a colourless hqmd which is hghter than water and has a charac- 
teristic smell It 18 inflammable, and boils at 80 5° C It is unchanged when 
heated with alkalis, but is decomposed by concentrated sulphuric or mtnc acids, 
forming benzene, sulphunc acid, or mtiobenzene — 

C.He+HgS 04 =C,HgH 808 +Hg(), 

CgHg+HNOg =CgH5N0g+H30. 

When treated with chlonne m the presence of a chlonue carrier, such as 
iron, chlorobenzene, CgHgOl, is formed — 

CgHg+Clg^CgHgCl+HCl. 

This IS a hquid which boils at 132° C. and is used as a solvent. Commercial 
benzol consists, chiefly, of benzene, CgUg, but may contain toluene or xylene. 
A constant impunty is thiophene, C 4 H 48 . Its presence may be detected by 
shaking the sample with a little concentrated sulphunc acid and a trace of isatin, 
when a blue colour is produced. AU commercial benzols contain about 0*5 per 
cent, of thiophene. The presence of any large proportion of toluene is indicated 
by the raising of the boiluig-point, that of toluene being 111° C 

Benzene and aromatic hydrocarbons can be distinguished from petroleum 
products (t.e. aliphatic hydrocarbons) by the fact that they give sulphonic acids 
or mtro compounds, while the paraffin and similar hydrocarbons do not. 

Lunge’s method of estimating benzol is based on this fact. A quahtative 
test may be made m the followmg manner . A httle concentrated nitnc acid is 
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mixed witli its own volume of strong sulphuric acid in a small flask After cool- 
ing the mixture, from 5 to 10 e c of the sample are added, drop by drop, with 
constant shukmg. The mixlure is warmed on the water-bath for a short time and 
then poured into excess of cold water If the sample contains benzol, drops of 
nitrobenzene, NOg, wdl settle down to the bottom of the vessel. These can be 

separated and identified by their snselL, or by converting into aniline by warming 
with tin and hydrochloric acid and then adding excess of sodium hydroxide 

The following method for the quantitative estimation of 
benzol may be used. A flask is fitted with a cork, through 
winch pass a stoppered tap-funnel and a long tube to act 
as condenser (fig 131). One hundred c c of the sample are 
])laccd in the flask, which has about 500 c.c. capacity A 
mixture of 150 grammes of mtne acid (sp gr hi) and 180 
to 2fK) grammes of sulphuric acid (sp. gr 1-64) is prepared 
.iiid cooled This mixture is plac'ed in the funnel and intro- 
duced into the flask in small qii.mtities with continual shaking, 
the fl.isk being at th'e same time kept cool, if necessary by 
immersion m water When addition of acid produres no 
further rise of temperature, the flask is connected to an in- 
verted condenser and gently heated for an hour After cooling, 
the mixture is jioured into a separating funnel and the mtro- 
beiizene seji.irated The acid layer is diluted with water, and 
any further nitrobenzene which separates added to the rest 
The crude nitrobenzene is washed with dilute sodium hydroxide 
and water The washed nitrobenzene is allowed to settle, care- 
fully sejwrafed, and redistilled in a fractioning flask until a 
temperature of 1 50" C is reached The distillate is again nitrated, 
using a l.irge excess of the acid mixture. Any material remain- 
ing uiidissolved is non-nitnfiablc hydrocarbon 157‘6 parts of 
nitrobenzene corresiiond to 100 of benzene 

The most important test in the case of either benzeue or 
a petroleum solvent is a fraetioiial distillation This may be 
earned out by the following method (Trotman, J SC I , 
1TO6, p 1202) A round flask of 150 cc capacity, and 
having 11 neck about 3 inches in length, u fitted to a Young’s 
rod and disc fraetioiultmg column, contaimng sixteen chambers, 
the distance from the neck of the flask to the lateral exit being 
13 inches (tig 132) The thermometer bulb is placed about 
1 inch below the lateral tube, which is connected to a Liebig 
condenser, with an adapter leading into a graduated 100 c.c 
cylinder One hundred c.c of the benzene are placed in th? 
flask, which is then connected up and placed on a piece of asbestos with an 
annular hole about 1 inch in diameter. The liquid is heated with a small 
buusen burner protected by a shade, the height of the flame being regulated by 
means of a .screw' damp The distillation is conducted at the rate of about 
2 drops a second and the readings taken .at intervals of 10° C. The distillation 
IS started with a flume Miffieieutly lai^c to give the required rate of distillation, 
and Is imlj' altered when cither this, or the temperature, shows any signs of fall- 
ing The distillate is collectcfl m a graduated glass cylinder, which should be 
.stood in cold water of the same temperature as the benzene when measured 
into the flask. The volume of the distillate is read at each ten degrees, including 
in the reading all that will come over at that particular temperature It is 
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convenient to commence reading at 70° C , and to continue at intervals of 10“ C 
up to 110“ or 120“ C In each case the reding is taken the moment the mercury 
thread appears above the mark Having obtained these volumes, it is easy to 
obtain the fraction distilling between each successive 10“ C Thus 

Volume at 80° C 20 

Volume at 90° C 55 - 

. fraction distilling between 80° 0* and 90° 0 ciiuals 35 



Other tests of importance are — 

Specific Qramty — This should be determined by means of a Sprcngel tube 
Vapour Temum — According to Wood (J SC 1 , 1004, p 703), the amount 
of incondensable vapour in a large plant depends directly upon the vapour 
tension of the spirit used, and hence the smaller the vapour tension the less s-jnrit 
IS lost The relative vapour tensions of two samples c an easily be determined by 
introducing a few drops of e<ich samfile into barometer tubes filled with iiicrf ury 
and noting the depression of the mercury column under identical conditions. * 
Ghloriiiated Hydrocarbons. — The simplest of these is carbon tetrachloride, 
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CCI 4 . It is made by passing a mixtuie of chlorine gas and carbon bisulphide 
vapour through a heated tube, or by passing the chlorine into boiling carbon 
bisulphide contaimng a httle iodine — 

C8,+3Cl,=CCl4+8A- 

The chlonde of sulphur, which is, hke carbon tetrachloride, a liquid, is removed 
by treating the mixture with sodium hydroxide and water, when the following 
changes take place : — 

(1) 2SA+2HaO =SOj+4HCl+3S. 

(2) SO*+4HCH-6NaOH=2NaCH-Na*SOs+5HgO 

The carbon tetrachloride is then separated, dried, and punfied by distillation. 
It IS a colourless liquid with a specific gravity of 1 631, and boihng at 76° C. It 
has a characteristic smell somewhat like that of chloroform, and, hke chloroform, 
it has ana'sthetic properties. Its vapour is non-inflammable. It is an excellent 
solvent, but is subject to one disadvantage. When its vapour is heated with a 
caustic alkali or even with water, it is decomposed with formation of carbon 
dioxide and either sodium chloride or hydrochloric acid — 

CCl 4 -f 4 Na 0 H=C 0 »-i- 2 H* 0 -f 4 NaCl, 

CCl4-t-2HjO=COj-f4HCl 

The tendency to decompose in the presence of water with the liberation of 
hydrochlonc acid makes carbon tetrachloride hable to cause corrosion of metallic 
vessels. The other chlorinated hydrocarbons used as solvents are derived 
chiefly from ethane, C^Hg, and ethylene, C 2 H 4 , or acetylene, CjHj. All of these 
are, like carbon tetrachloride, definite compounds with a constant boiling-point. 
They are prepared by treating the hydrocarbons with chlorine under suitable 
conditions The chlorethanes are substitution products, while the chloretbylenes 
and acetylene denvatives arc addition compounds. This is illustrated by the 
equations 

OA-fClj^CACH-HCl, 

C,H 4 -f-Cl,==C*HA. 

The following table includes the more important of these solvents, excluding 
carbon tetrachlonde, manufactured by the Weston Chemical Co , Ltd. — 

Table or Cohstauts 


Name 

UichloT. 

ethylene 

Tnohlor- 

cthylene 

Perchlor- 

cthylene. 

Sym 

Tetra- 

chlor- 

ethane 

Penta- 

chlor. 

ethane. 

Hexa- 

ohlor- 

othane 

Formula 


c,Ha, 

C.C1. 

C,H,Cl4 

c,Ha, 

c.a. 

Molecular weight . 

909 

1314 

166 8 

167 8 

202 3 

236 7 

7(X) mm 


87' 





Boiling-iioint . 

about 62° 






738 5 mm 

. . 

85° 

119° 

144" 

169° 

186° sub] 

Vapour pressure at 20' C 

20.'> mm 

66 mm 

17 mm 

11 mm 

7 mm 

3 mm. 

Speoifie heat at 20° C 

0 270 

0 223 

0 216 

0 268 

0 206 


I.atent heat (eak ) 

71 Cal 

66 69 Cal 

61 69 Cal 

64 43 Cal. 

43 64 Cal 


CiH'fficient of expansion'^ 

about \ 

00013/ 

0 001193 

0 001078 

oltoooos 

0 000909 


Frcoaing-poiot 


- 73° 

-'19° 

-30° 

-22° 


Specific gravity l}i“ C. . 

1278 

1471 

1624 

1-6011 

1685 

209 
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These compoundB are all non-inflammable, but their vapours have aneesthetic 
properties. They are heavier than water, having a range of speciflc gravities 
from 1*278 to 2*09. Dichlorethylene does not possess a constant boiling-point, 
since it is a mixture of two isomeno dichlorethylenes boiling at 48° C and 60° C. 
respectively Chlorinated hydrocarbons have a tendency to decompose when 
heated wilh caustic alkah or steam in a similar manner to carbon tetrachloride. 
Dichlorethylene is said to possess the greatest stabihty in this respect. Tn- 
chlorethylene and tetrachlorethane are sold under the proprietary names of 
westrosol and westron respectively. 

Chlorinated aromatic hydrocarbons, ipch as monochlorobenzene, CgHgCl, 
have also a limited use as solvents. This is a colourless liquid, heavier than 
water, with a boiling-point of 132° C. It is not decomposed by either steam 
or alkabs. Chlorinated hydrocarbons can be distinguished from hydrocarbon 
solvents by their smell and by the fact that they are all heavier than water If 
a few drops of the liquid are warmed gently in a test-tube with a clean shaving 
of metallic sodium the chlorine is changed into sodium chloride. If the residue 
is extracted with distilled water, made acid with nitric and, and some silver nitrate 
solution added, a white precipitate of silver chloride is produced. 

Hydrogenated Hydrocarbons. — These are made chiefly from benzene, 
CgH„ and naphthalene, CigHg, by passing their vapour, mixed with hydrogen, 
over a metallic catalytic agent, such as nickel, at a suitable temperature 
Benzene and naphthalene treated m this way give hexahydrobenzcne and 
tetrahydronaphthalene respectively — 

C.Hg-hHe=C,Hu, 

CioHg-|-4H= CjoHig. 

Tetrahydronaphthalene is known as “ tetralene.” These hydrogenated 
hydrocarbons are colourless Uquids, heavier than water and excellent solvents. 
Hydrogenated phenols and ciesols are also known, and are used in the preparation 
of detergent soap solutions. “ Hexahn ” and “ methylhexalm ” (J Soc Dyers 
and Col , 1923, p 365) are obtained by hydrogenating phenol and cresol, and 
possess the charactenstics of an alcohol with a high molecular weight Their 
formation may be represented thus : 

C,H,(OH)-l-3Hg=C,H„OH, 

C,H4(CHs)OH+3H*=CgHi„(CHg)OH. 

These solvents readily dissolve fatty acid soaps (t.s. soap mixed with a free 
fatty acid), forming clear solutions possessing very marked detergent properties, 
dissolving calcium and magnesium soaps. It is said that the emulsions of hexahn 
soap and mineral oil, containing 50 per cent, of the latter, can be washed out of 
woollen goods in a few minutes at ordinary temjieratures. 


Solvent. 

Boilmg-point 

"C. 

Specific 

Heat. 

Latent 

1 Heat 

Cal gnus. 

Price per 
Clallon 

£thci . 

346 

0 63 

900 

8. d. 

4 0 

Carbon disulphide 

46 2 

0 24 

83-8 

3 7 

„ totrochlondo 

76 7 

020 

61-0 

6 2 

Benzol (pure) 

803 

0 41 

93 4 

J 7 

„ (commercial) 

79-125 

0 408 

96 0 

1 3 

Tnclilorothylene . 

87 

0 233 

66 6 

6 3 

Petroleum spirit . 

100-120 

0 426 

73 5 

1 6 

Toluene .... 

110 8 

0404 


1 10 
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Brewis {J SC 1 , 1924, p 117) gives the foregoing comparative details of 
some common solvents 

The Apparatus used for Degreasing Ckitton. 

Industrial degreasing plant is constructed generally upon the principle of 
either the Soxhlet or the continuous extractor used in the laboratory An 
extraction plant must include a still for the recovery of the solvent and provision 
for a c urrcnt of steam, or a hot, non inflammable gas, such as carbon dioxide, 
to remove the residual solvent from the treated goods 

The Arlington process {J Soc Dyers and Col , 1921, p 235) is simjile A 
kier of KKK) lbs capacity is employeid, which is packed with the goods, filled 
with solvent naphtha and closed After solution of the grease, the solvent is 
run off and that remaining in the goods washed out with hot water The kier 
IS then opened and the goods are unpacked and washed 

Hei (J Sor Dyers and Col , 1919, p 15) recommends Smith’s system, of which 
he gives tlie following descnption The apparatus consists of an outer iron 
casing to contain the solvent, and an inner steel case with a periphery of per- 
forated jilates to hold the material to be extracted The cage is carried on a 
strong steel shaft, and can be made to revolve m the solvent at any desired 
speed It IS dnided, radially, into four compartments, each with a door at 
the penj)hcr>, which can be brought opposite to another in the casing The 
construe tion of the mac hine enables c ontrifuging to be done much more efficiently 
than with an ordmar> hydro-extractor 

Valves and jiipes are arranged, connecting the extracting chamber with 
storage tanks for cle<in, grey, and dirty nolvent The drying arrangement 
consists of large pipes, or ducts, Icadmg from the top of the machine to a cooler, 
and then through a centrifugal air-tight fan to a heater, and from this to the 
centre of the apfiaratas, where the hot gases are distributed through the material 
111 the drying process The material is placed in the cages, through the outer 
door of the casing This is then closed and made air tight, the yircssure reduced 
by means of a pump, and the hot solvent run in Inert gas, such as carbon 
dioxide, IS led in till atmospheric yiressure is reached The cage is rotated slowly 
in the solvent for a sufficient time to dissolve the grease It is then stopped 
,incl the outlet valve connected with the dirty tank is opened The solvent 
runs awav and an equivalent volume of inert gas is drawn in through the delivery 
pipes and from the dirty storage tank The machine is then run at high speed 
to remove the solvent <is completely as possible by centrifugal action The 
lower \alve of the storage tank is closed, and, if necessary, the operation is 
re])cated w ith fresh solvent The drying is carried out by starting the fan, which 
circ ulates the inert gas through the heater, the materials in the machine, and the 
condenser The drying is continued until the absence of solvent at the sight- 
glass shows th.it the material is dry The doors are then opened and the goods 
removed in a hot, dry condition, or they may be first cooled by a current of cold 
gas The impure solvent can be used again or pumped to the still for purification, 
and the distillate returned to the c lean storage tank The dirty solvent can be 
drawn up to the still by means of the vacuum pump, and that in the vacuum 
receiver removed by s s])ecial ram pump attached to and worked by the vacuum 
jnini]) An\ \ariation of pressure in the system is compensated or adjusted by 
the egress or ingress of the at mosjihere at the outlet condenser and trap 

Goghlan’s degreasing plant, shown in fig 133 (British Pat 170645, 1921), 
has good points, and is suitable for ethylene tnchloride 1, 2, 3, 4 arc tanks in 
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which wire cages holding the wool are placed. These are connected by valves 
o to a vacuum pump at e. The solvent is contained m the reservoir/. From 
this it 18 run into tank 1 at a temperature of 45° V., and, after fifteen minutes, from 



tank 1 into tanks 2, 3, and 4 successively, and finally from tank 4 into the 
recovery tank « Any tank may be filled with clean solvent from the reservoir / 



Fig 134 -- (ii-rman degn-ii'-iiif! plant 

After the extraction is completed and the solvent has drained into the recovery 
tank n, that which remains iii the wool is recovered by means of hot water or a 
stream of heated carbon dioxide The contents of the tank n are then distilled 
to recover the grease and the solvent The latter is returned to the reservoir/ 
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The apparatus shown in fig 134 (Kisshng-Bremen, Letm und Odatine, p. 35) 
forms a good example of a continuous type of extractor. It consists of an 
extraction chamber E, into which the material can be introduced and removed 
after extraction through the manhole b. The solvent is distributed over the goods 
by means of fine sieves covered with Imen placed underneath the manhole b 
and over the opening at the bottom of the extraction chamber. Beneath the 
lower sieve is a steam pipe by means of which the solvent may be expelled from 
the goods after extraction. K is a condenser which is connected to the extraction 
chamber by a dehvery tube. The solvent which is driven out of the extracted 
goods IS condensed and collected in the receiver B. From this the solvent 
passes through the pipe %, governed by means of a cock, back to the extracting 
chamber, filLng it completely. From this it siphons into the distilhng apparatus 
B, carrying with it the dissolved grease. As it siphons over it a fresh supply 
of solvent is drawn in from the container R. The dirty solvent in B is evaporated 
by means of the steam pipe shown, and the vapour passes through the condenser E, 
the condensed solvent being collected again in B,. This container is provided 
with a separator at W and r for the removal of air, and water may be drawn off 
at e. The tubes g and h and valves p and d conduct the vapours of the solvent 
from the extractor E and the vessel B to the condenser at K. Through y the 
vapour of the solvent can be led from B to E, and the dissolved grease and solvent 
through h and o to the distiller B. 



CHAPTER XXI. 
WASHING MACHINES. 


Washing. — The importance of washing has already been referred to. It can 
hardly be overestimated. Not only is washing of importance as a cleansing 
process, but it is relied upon to remove both the chemicals used m any process 
an<i their reaction products from the goods. Washing also prevents the danger 
of interaction between the chemicals used in two succeeding processes. No time 
spent in washing is ever wasted, and, however thoroughly a process has been 
carried out, it will be counteracted by incomplete washing. Thus, for example, 
if, after the lye boil, the residual lye and the dissolved impurities are not 
thoroughly removed by washing, an incomplete boil results. The first essential 
for washing, viz. a plentiful supply of pure water, has already been emphasised. 
The second is the use of a suitable machine. 

Washing Machines. — The roller washing machine for treatment of cloth 
in the rope has already been generally described, and the arrangement of its 
parts 18 obvious from fig. 136 It is still perhaps the most generally used machine, 
and serves its purpose quite well, though rather extravagant m water. The 
cloth enters in duplicate ends by the pot-eyes at either side, and is threaded 
round the wince rollers in the box and the bottom bowl into a senes of spirals 
separated by glazed pot or wooden pegs. The ends emerging together at the 
centre of the machine and dnven by the rotation of the bowls are subjected to a 
series of nips and immersions in the liquor box or beck, whereby each part is 
respectively treated with fresh liquor and the dirt squeezed out. Just prior to 
the final nip, which is the severest by reason of the bowl being wrapped round in 
the centre with several layers of cloth, the cloth meets the water jet that supplies 
the machine, so that the incoming water meets the cloth at its cleanest stage. 
An additional roller is often mdunt^ above the upper of the mam pair to further 
dry the cloth and reduce dilution of the liquors subsequently applied. 

The bowls are of beech or sycamore, 22 inches or 24 inches in diameter, the 
lower being the driver. The diameter of this determines the rate of output of 
the machine. Thus when it has been skimmed up several times (to take out 
irregularities which occur with wear), its reduced diameter lessens the output of 
the machine, and it must be finally utilised as a top bowl, whose diameter is of 
less importance, as pressure is effected by the weighted levers which bear on its 
end as well as by its own weight. To reduce grooving in the places where 
the spirals of cloth are nipped, the peg rail should be mounted with a 
traversing adjustment, and from day to day gradually moved across the inter- 
spaces between the successive threadings. As the operation of the machine 
demands sudden stoppages and variation of speed, especially during threading up, 
the drivmg-power should be applied through a friction clutch having a good 
margin of friction surface. This further enables the operator to set Us clutch 
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for ordinary driving so that he can avoid excessive tension on lighter goods 
and prevent a “ break-out ” or rupture at the weakest point of the rope of 
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an automatic stopping motion set to liberate the clutch whenever the tension 
exceeded a given amount, such limiting tension being readily adjustable 

To avoid repetition of the labour involved in threading up the mai lime when 
once threaded with cloth, a length of linen tijie is tied to the tul end of the 
oloth it the incoming end of the m.uhine, and this is drawn through in tlie wake 
of the rope and used to guide the ne\t one through the in whine A piecaiition 
to be observed in using the machine is to have the bowls skimmed up in a lathe 
« when they show signs of irregularity, otherwise the rollers nipping lightlj in one 
place and allowing slip in others will subject the cloth to excessive local tension, 
friction, and pressure The jerking of the upper bowl which accompanies such 
irregularity tends to cut the cloth in falling If the diameter of the driving 
bowl gets too small the area of contact between cloth and bowl is reduced, and 
the loss of driving power may result in shpping and friction Any local defects 
in bowls, such as are caused by the accidental passage of some hard foreign 
substanc e carried in by the cloth, must be detected and quickly removed, and 
the bowl plugged with a wooden peg to restore the surface to the original diameter 
The damage that can be c.iused hy the regular pcriodit marking or cutting of 
the cloth in this way demands chat it should be frequently inspected after washing, 
so that the cause nniy be detected and removed The distince between such 
cuts sometimes serves as an index as to which machine is doing the diniigc, 
the detection being elTected by reference to the girth of the bowls This kincl 
of d image gives point to the necessity for keejnng the machine boxes clean and 
carefullj sieving before impregnation bj hme, and frequent inspection of bowls 
and winces 

Irregular washing and even mechamcal damage may occur through uneven 
pressures being ajiplied to the two ends of the bowl, and damage ma> also result, 
especially in the squeezing machine from a relative honrontal movement 
between the bowls, duo to end jilay in the beanngs Such damage takes the form 
of tiny pm holes in the cloth It is sometimes necessary during washing to pay 
particular attention to jirevent the production of what is termecl “ water blown ” 
cloth This means that if the mp be too severe, and the texture of the cloth or 
selvage such as to gather up more water than can be rapidly liberated from it, 
the strain accompanjmg the expulsion of the water tends to buriit the threads 
The remedy is reduced pressure of nip or slower running 

A squeezing machine (fig ISI) is emplojed to give the final wash ss the cloth 
leaves the croft It consists of a pair af narrow hut heavy bowls, the lower of 
cotton and the upper of wood or wrapped with rope The pressure between the 
two bowls IS effected by comjiound levers and weights The mangle is preferably 
fitted with a long, narrow trough containmg a senes of winces or rollers to extend 
the path of the cloth through the water Several of these may be fixed above the 
water level to facilitate the expulsion of water tangentially from the c loth The 
flow of clean water, as in all washing machines, enters at the end nearest to the 
delivery of the cloth and overflows at the other A steam pipe also enters at the 
delivery end to warm up the water for the final wash 

Squeezing machines are also employed, in which the nip occurs between two 
metal rollers, one of which is grooved 

In treating light delicate goods the ordinary roller washing machine would 
cau&e fraying, and in such cases the apphcation of tension and squeezing must be 
reduced to a minimum A machine made by Messrs S Walker and Sons (fig 
136) for this purpose is provided with the ordinary driving bowls, but the cloth is 
only nipped between them on entenng and on leaving the machine The driving 
dunng the intermediate course through the machine is effected by threading 
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each turn over a pair of light adjustable swing jockey rollers, which cause it to 
hear /igain<it and pass under the lower bowl instead of through the nip. The 
cloth drops by its own weight from the delivery roller on to the washing-box, 
where it runs slack and is thence drawn up by the feed rollers through the guiding 
peg rail, beneath which are a pair of beaters to agitate the cloth and expel the 



dirty water. The peg rail is mounted on a swivel and connected by a lever 
to the striking gear of the clutch m such manner that, if an entanglement 
between the slack coils in the box reaches the peg rail and is not unravelled by 
the beaters, the peg rail is swung round and stops the machine, instead of allowing 
a tear to occur. 

The machine is, of coarse, equally applicable to chemicking and souring, and 
may be provided with an auxiliary impregnating machine, as shown in fig. 136. 
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The application of beaters to washing machines for heavy goods is seen in the 
Brideson (figs 137 and 138) and the Davis and Eckersley machine (hg 1 30), made 
b} Messrs Jackson & Bro The former consists of a rectangular water box, 



Fio. 137 — Washing machine with bcatc ra 


carrying at one of the upper horizontal comers a pair of pot eyes, and at each of 
the three others a guide roller Lying in the central horizontal plane of the box 
are two shafts ancl a flat board midway between them On each shaft is mounted 
a flat beater, or frame, carrying two hon/ontol bars of wood, parallel to, and 
equidistant from, the shaft When the latter is revolving these bars just miss the 
central board The shafts arc geared together through an intermediate wheel, 
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which 18 driven from the shaft of the lower of the two squeezer bowls, which are 
mounted above the box, with the usual cheeks, pressure levers, and a peg rail 
Fig. 138 shows the method of threading up the Brideson machine. Cloth runs 
from wince A and thrice round the beaters (the folds being separated by vertical 
rods), thence to B, and then up to a nip between the squeeze bowls and out 
The beaters revolve at a high speed, and twice m each revolution — when the 
beaters are in the same horizontal plane as the central board — each lap of the 
cloth IS banged against the boards, and to this effective agitation and beating 
of the cloth IS due the excellent cleansing action of the machine But care is 
required in the regulation of the beaters to take up wear, or correct, by the 
adjustment of the wooden bars, any discrepancy between the tensions caused 
respectively by the beaters and rollers The mounting of the beater -thaft in 
the box of the machine should be such that the whole beater and shaft can be 
lifted out of the box to repair the beater or unravel a tangle of cloth, if such 
should occur. 



The removal may be facilitated by the withdrawal of a slide above the pedestal, 
which leaves a vertical gap in the side of the box 

The improvement on the above arrangement, known as the Davis and 
Eckersley’s machine (fig J 39), consists in replacing the squeezers by a miniature 
roller washing machine for three turns or spirals of cloth on each side The jet 
of clean feed water is supplied to this upper section of the machine (which con- 
tains the cleanest cloth), after which it flows into the lower (Bndeson) section. 
In the latest machines the beaters are replaced by winces round which the cloth 
passes 

The lower section of the machine is seen m fig. 140. The passage of the cloth 
is as follows, the letters refemng to the parts indicated in the diagram : A, B, 
C, D, E, B, C, D, E, B, C, D, E, B, C, P. It is found that this washing effect is 
ample (especially in view of the extra treatment in the top section), and the 
rather excessive strains involved in the jerking and banging of the cloth, tending 
to crack the selvages, are thus avoided The action becomes one of a series of 
movements of the cloth alternately through the washing water and the air, the 
agitation in the latter case dashing out the dirty water 

In discussing the above washing machines, it may be noted that no mention 
IS made of the use of soap, which forms so important a part in the cleansing of 
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yarn and other cotton fabrics that lend themselves to the milling processes. 
The chief reason is that where soap is used as a detergent m the treatment of piece 
goods, it IS employed in the kiers, and the extraction of the dirt-laden detergent 
effected first by rinsing the cloth with water while still in the kier, and subse- 
quently 111 the washing machine The high speed of transmission of the cloth 
through the machine that can be conveniently applied to piere goods in the 
rope IS the main reason for adopting this mode of cleansing 

MUling.- The most effective of all mcchamcal operations for thoroughly 
intermingling a detergent or other hquid with cloth or yam, and subsequently 
washing out the same, and such impunties as have become associated with it, 
IS that of milling The operation is only applicable to small quantities of goods 
at one time ; but it affords the means of treating small quantities very quickly 
and thoroughly. The chief machines in which the method is employed are the 
fulling stocks and dolly machine or “ tom-tom,” and their chief application is to 
lace, hosiery, and yarn. 



Kio 141 - Noapmg ami lulliup stocks 

The stocks (fig 141 ) consist of a wooden chamber made to reciuve a milling 
arm, sha])ed in a circular arc of about feet external radius, centred vertically 
above the closed end of the chamber, and about which centre the arm is made to 
oscillate by means of a tappet arrangement The latter consists of a wheel carry- 
ing several tappet blocks, which engage with an extension from the swinging 
arm lifting the latter, and then releasing it to swing with its own weight on to 
the fabric iii the chamber These swinging arms mav be made in duplicate, and 
by their alternate descent and the shapes of the striking face and of the closed 
end of the chamber, a series of revolving motions is imparted to the fabric 
which cause it to present a continually changing surface to the impact of the 
milling arm The fabric is impregnated with a hot soap solution, and this is 
thoroughly worked into it to emulsify the dirt A dram outlet is then opened 
and a spray of clean soft water turned on, the milling being continued till the 
soap is thoroughly extracted. A pair of such stocks is mounted one on either 
side of a soap-mixing box, fed by a water pipe and steam-heating coil. This may 
be divided into two sections, in one of which is mixed coarse soap for a first 
wash, and a finer soap solution tinted with blue to give a finishing effeot. The 
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cleansing and whitening effect of soaping yam m the stocks after it has passed 
through the boiling and bleaching process is most striking. 

A very similar effect is produced in the dollying machine (fig 142), which 



Flu 142 — Improved ecouimt; or washing machine 


admits of a greater bulk of material being simultaneously treated, and lends 
Itself particularly to the treatment of very dirty lace goods which roiild not be 
satisfactorily cleansed in the roller washing machine and are therefore treated 
throughout m bundle form instead of the rope The nulling action is not so 
severe as that of the stocks, but is distributed more evenly to all parts of the 


406 


BLBAOHINO AND 71KISHINO OS' COTTON. 


matenal. It consists of an oak tub, about 3 feet deep and 6 feet in diameter, 
revolving about its vertical aius by means of horizontal spur gearing , or, as m 
fig. 142, of a rectangular box made to travel backwards and forwards The tub 
is provided with a perforated false bottom covering a shallow well, with several 
outlets which can be opened or closed while the tub is revolving These feed into 
a circular trough and thence to the dram or to a well for recovery of the dirty 
suds The milling efiect is produced by a row of beaters or fallers analogous to 
those of a beethug machine, and capable of vertical movement, bemg fitted by 
the engagement of their tappets with cams mounted on a shaft at the back of the 
machine The downward fall is produced by the weight of the beaters, but 
limited by a guide rail from qmte reaching the bottom of the tub The stroke 
can be further adjusted by altering the height at which the tappets are fixed 
The cams are keyed to the shaft at different angles to distribute the load and 
impact on the fabric during the revolution of the shaft, and the striking face of 
the beaters or fallers is splayed out and the edges rounded so as to distribute the 
milling effect The beaters may be put out of action by the hinged detents 
shown, or by inserting a peg through a hole in their shank when at the top of 
their stroke, the hole being bored at a pomt just above the lower guide rail upon 
which the peg therefore rests and supports the beater The degree of milling is 
regulated by the number of beaters in action, their weight, and the extent of 
their stroke 

The tub IS surmounted by spray pipes for hot and cold water and tanks con- 
taining fresh and recoveicd soap solutions The bundles of lace, etc , are placed 
in the tub, which is then set revolving and fed with water and soaji The beaters 
are then put into operation on one or both sides, and the degree of treatment is 
gauged by the number of ‘ turns,’ t e revolutions or traverse motions of the tub 

Other Washing Machines. — Before leaving the subject of washing 
machinery, mention may be made of machines applied to the washing of yarns, 
warps, chains, cops, silver, aaste and raw cotton, etc Small articles in isolated 
pieces are sometimes washed in the dash wheel This is a cjlmdrital drum 
divided into ccmipartinents provided with .iccess doors and central spray jupe 
and peripheral jierforations for exit of the water (fig 143) During revolution 
the goods tumble about in their conipartments, pressing on each other, and, 
being alternately soaked and drained, receive a uniform wash without excessive 
mechanical strain 

Yarn in the chain formation, and warps in the rope or chain, may be washed 
in the machine similar to the rope washing and squeezing machines, but in this 
case the upper bowl is sometimes omitted, and the lower bowl replaced by a 
sejuare be.iter to give additional agitation to the material Various machines 
have been dec ised for riiising yarn in the hank, the mam principles of which are 
a combination of dipping, reeling, and squeezing, by means of a set of rollers, 
carrying a few hanks each, and eifec ting a progressive motion through a stream 
of water towards the clean water supply at the delivery end The simplest 
machine, used in conjunction with the btocks, is the reeling machine, in which 
three or more square or hexagonal reefing drums surmount a rinsing box (fig 144) 
The hanks are opened out and slung over the reels, which revolve alternately m 
opposite directions The yarn followiiig this motion is swilled through the 
water. The drums can be fed in rotation at a considerable rate by one attendant, 
and an adequate nnsing effect obtained to remove anything left in the yarn 
from the stocks A cheap tyjie of machine serving its purpose fairly well con- 
sists of A series of reeling drums surmounted by squeeze rollers and spray pipes, 
radiating from, and revolving about, a common centre, over a circular rinsing 
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trough. A separate reeling motion is imparted to each drum This can be main- 
tained irrespectively of the revolution of the system about the vertical centre, 



which motion can be arrested, and any individual drum emptied and filled. 
The clean water is only admitted to the sprays towards the end of the revolution, 


ITo. 143. — ^Dasli wheeL 
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and the drainage in circulated by a pump to spray the yarn in the earlier stages 

'otrmadhmes mutate the effect of nnaing by hand, 
mg the hank and drawing it sharply backwards and forwards through the water 



l''iu 144 U,«ik wasIhuh .uul wiiunuiu uuuKuw 


With .1 hwccji of the wrist .ind elbow, meanwhile rot.iting the hank by varjiiig 
the point at which it is grasped 

A hank washing niachine by Messrs John M Collins & Son, of lilasgow, 
illustrated in ligs 145 and 146, is an example of the motions described in relation 



Fni 145 - Hank washing moclunc 


to a slack (cloth) washmg machine, but adapted to suit the manipulation of a 
closed loop or hank of yarn 

The essential modifications he in the suppression of axial projections, such as 
shafts or bearings on the toji bowl or “ pressing roller,” so that hanks may be 
threaded thereon, and, after traversing the length of the washing machine, be 
removed from the roller at the delivery end 
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The pressing roller is supported and driven only by the peripheral contact 
between itself and the carrying roller and bearing pulleys, the latter occurring 
at opposite ends of the roller and the former throughout its length 

At the two ends the roUers are somewhat tapered to graduate the initial and 
final nip, and at the delivery end is a rubber wheel to take the end thrust of the 
roller and assist in qmtting the yarn 

The hanks are guided along the roller by means of a senes of brass hooks 
which travel in the form of an endless chain 
The action of the machine is as follows — 

The hanks are fed by hand, one at a time, around the feeding end of the 
pressing roller, and enter the nip between this and the carrying roller, revolving 
in the direction shown and dipping into the water box 

The rinsing and squeezing then proceed as in an ordinarj roUer Abashing 
niiichine, until the guiding hooks deliver the hanks for remov al by hand at the 
opposite end, and the ojieration is thus continuous 



Tic 140 Cross s<(tiuii of hank washing in n Iiim 


The rinsing effect may be augmented b-v the addition of a spray of water 
bearing on the toji roller 

The w ishing of raw cotton is eflected in r iking nicuhiiu s of the M. cNaughton 
t>j)e The loose iiiatenil is fed by .v bmtlise into a series of cisterns through 
which water is circulated vertically It is kept in motion by a sc>ries of rakes 
a tt idled to a lever These sweep forward while engaging the material, then, 
rising above the level of the water, swing back to the beginning of the stroke, 
and, dipping into the liquor again, repeat the forward stroke Another series of 
mechanically operated rakes deliver the material from one division of the machine 
to the next, and hnally propel it through a pair of squeezing rollers into a 
revolving breaker, to open it out 

Where delicacy of handling is of secondary importance to that of thorough 
washing, machines based on the principle of the beating engine, as used for 
treatment of paper pulp, are employed These consist of an oval receiver, in 
which the material is circulated by means of a paddle The removal of dirty 
water is effected by means of a perforated drum which revolves in the stream 
of liquor, admitting the latter, but not the material, to its interior It is gathered 
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up m revolving buckets which dram their contents through a central tube or 
hollow shaft, above the level of the liquor in the race. 

Another method of separating the hqnor is by means of a stationary nddle 



or iierforated sheet (fig 147) The liquor is dashed up against this by the paddle 
The angle at which the liquor is tangentially projected from the paddles is 
iiureascd by curving the bottom of the race m which the paddle revolves, or 
inserting thereon a wedge-shaped block. 





CHAPTER XXII 


BLEACHING AGENTS, SULPHUR DIOXIDE AND ITS 
DERIVATIVES. 


Mich of the colouring matter of textile fabnci is associated with the impurities, 
and iH removed simultaneously with these during the preliminary scouring pro- 
cesses There are, however, residual colouring matters whic h cannot be removed 
in this way, but are capable of being decomposed into soluble simpler compounds 
or into colourless (or leuco) compounds by the action of oxidising or reducing 
agents The reagents used for this purpose aie termed ‘ bleaching agents ” 
They are, as indicated, of two kinds — 

1 Reduc ing bleac hing agents 

2 Oxidising bleaching agents 

The reducing bleaching agents act, as a rule, by decomposing water, com- 
bining with the oxygen and liberating the hydrogen Thus, with sulphur dioxide, 
sulphuric acid and hydrogen are produced — 

S 02 -f 2 H, 0 =H 2 S 04 f Hg 

This hydrogen, being in the nascent state, is very active When it icts ujion 
colouring matters, it may either decorajmsc them into siiiijiler colourless com 
pounds, or combine with them, forming addition products, termed leuco 
conijjounds Mheii leuco comjiouiids arc produced, they arc oiten insoluble in 
water and cannot, therefore, be washed away, but remain on the fabric Leuco- 
conipounds are, in many cases, reoxidised to the original c olouring matter when 
exposed to the action of air or an oxidising agent This is determined by the 
chemical constitution of the colounng matter Ihis point may be illustrated by 
reference to the coal tar dyestuffs Indigo has tin formula 


,(0. /t'O^ 

C„H / > t<( 


8'*S4'^ 




When it IS treated with a reducing agent two atoms of hydrogen are absorbed 
and a leuco-compound, indigo white, is produced — 



When indigo white is exposed to air, these two atoms of hydrogen are oxidised 
to one molecule of water, and the original indigo is reproduced But, in some 
cases, the colouring matter is decomposed into two or more simpler compounds, 
or into a colourless compound which cannot be oxidised to the original colounng 

4U 
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matter If a dyestuff be an azo-compound (le contains the group (— N=N— ), 
it 18 spilt up into two amines by nancent hydrogen Thus 

K-N N-R'-i-2H*=E NHj+R'NH* 


Or, again, if a dyestuff be a nitro-compound it is changed to an amine by nascent 
hydrogen— RNOj-f 3H*=RNHj, f 2HgO 


But in neither of these cases is the colouring matter reproduced by oxidation 
The natural colounng matters of textile fibres are not geneniUy decomposed by 
nascent hydrogen, but form addition- or lent o-compounds which are gradually 
oxidised to the colouring matter on exposure to air Hence, the white which 
IS produi ed by reducing bleaching agents is not jiermanent Wool, for example, 
which has been bleached by means of sulphur dioxide becomes gradually yellow 
on exposure to air 

The chief reducing bleaching agents are — 

1 Sulphur dioxide 

2 Sulphurous acid and sul|)hites 

3 Hydrosulphites 


The Oxidising Bleaching Agents. These .ict either b\ deconijiosmg 
water with the libcr.ition of o\\gen, or by giving iiji some of the oxygen wliitli 
they contain Thus, chlorine liberates owgeii fiom water, while hydrogen 
peroxide splits up readily into w<iter and oxygen — 

2Clg-|-2Hij() -4H('l I 0^, 

2HA-2H,04 0, 


When the colouiiiig matters of textile fabrics arc oxidised they do not foim 
addition coini»oiinds, but art broken up into simjiler soluble subsf imes wliidi 
tun be wished away with witer Heme, the white which they produce is gener- 
ally ])ernianent 

The more important oxidising bleaching agents are — 

1 Chlorine 

2 Hj pochlorous a< id and hy poc hJontes 

3 Hydrogen fieroxulc and some meUillic peroxides 

4 Permangamites of sodium or jiotissium 

5 l’crsul])hates, jierboiates, jicrcaibonates, jiersilicates, and perphosiiliates 

(i O/one and oxvgeii 


The choice of a Ideal lung agent is governed by the nature of the fibre to be 
trc.ited, the degree of hleaclimg rc<(uired and the cost of the process 

Sulphur Dioxide. -This body is produced when suljihur is burnt in air, or 
oxygen, traces of sulphur tnoxidc being simultaneously formed It may be 
jirepared, also, by roasting iron pyrites, FeSg, as in the manufacture of sulphuric 
acid (p 331 ) Sulphur dioxide is formed when a sulphite is treated with hydro- 
chloric or sulphuric acid, or when certain heavy metals, such as copper, are 
dissolved in hot cuiiceiitrated sulphuric acid — 

NasjS03+2HCl=-2NaCl-t H^O + SOg, 

Cu-f 2HgS04=Cu804-f-2Hg0-t-S0a 

Sulphur dioxide is a colourless gas, with the characteristic smell of burning 
sulphur It is heavier than air and can be collected by downward displacement 
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It IS liquefied, under ordinary atmospheric pressure, at a temperature of —10° C 
The liquefied gas boils at — 8° C and freezes at —76° C 

Sulphur dioxide is very soluble in water, combining with it to form sulphurous 


acid, HgSOg — 


80g+Hg0=HgS0a 


This solution has an acid reaction and taste, and, when saturated with a base, 
such as sodium hydroxide, gives salts termed sulphites If a solution of sul- 
phurous acid in water be boiled, the sulphur dioxide is all expelled That is, 
the acid is unstable and cannot be prepared by simply concentrating its aqueous 
solution, but, when a saturated solution is frozen, crystals are deposited, having 
the composition HgSOg 8HgO An aqueous solution of sulphur dioxide changes 
gradually into sulphuric acid, hydrogen being also formed — 

S0j-(-2Hg0=H8804+Hg 

This reaction, as mentioned above, is the basis of its bleaching action. Sulphur 
dioxide is a powerful and useful reducing agent Thus, it changes chlorine into 
hydrochloric acid in the presence of water — 

Clg-f2Hg0-i-S0g=2HCl-fHgS04 

Other examples of its reducing action are — 

1 It reduces iodic acid, HlOg, to iodine — 

2HI08-f4Hg0-i-5S0g=5H8S04-fIg 

2 Arsenic pcntoxide is reduced to tnoxide — 

2A8g06-f-4SOg-l 4HgO=As4O0-|' 4HgS04. 

3 Potassium permanganate is decomposed into manganese sulphate and 
potassium sulphate — 

2KSlu04+3HgS04-f2Hg0-f5S0g=KgS04-f-2MnS04-f5H2S04 

The reduction of potassium permanganate is more readily understood if it 
be remembered that it can give up a portion of its oxygen in presence of an 
oxidisible compound, such as suljihur dioxide This oxidises the siilyihur dioxide 
to tnoxide, which in presence of water becomes changed into buljihuric acid, 
thus 

(1) 2KgMn04-f3HgSO4-KgS044 2MnS04-f 3Hg0-f50 

(2) rio-f riSOg -- bSOg 

(3) bSOg-ffillgO =5HgS04 

4 If sulphur dioxide be passed into a solution of ferric suljihate, the feme 
salt 18 reduced to ferrous sulphate — 

Feg(S04)3-fS0g-|-2Hg0=2FcS04-f2HgS04. 

6 Chromates, or bichronates, in the presence of sulphuric acid, are similarly 
reduced by sulphur dioxide to chromic salts — 

(1 ) KgCrg0,-|-4HgS04=Kg804-hCrg(S04)g+4Hg0-l-30. 

(2) 30-f3SOg-f3H2O =3HgS04 

It should be noted that a reducing agent does either one of two things, viz. — 

1. Removes oxygen from another compound. 

2. Decreases the proportion of the non-metallic constituent. 
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Thufl, the change from FeClg to Fed, ^ a reduction, as in, also, that from 
FejOs to FeO. 

Some of the reducing actiona of sulphur dioxide are important m textile 
operations. It can be used as an “antichlor” to remove traces of chlorine 
from bleached goods. In bleaching with potassium permanganate, it is used to 
reduce and dissolve the oxides of manganese, which are precipitated on the goods — 

Mn^Og^f* SOj“f“HjO-|- 22804= 2MnS04*-l”2Il20. 

Under certain circumstances, sulphur dioxide can act as an oxidising agent. 
Thus, if magnesium ribbon be ignit^ and plunged into a jar of the gas, it con- 
tinues to burn, and combines with the hberated oxygen, niiignesium sulphide 
being nlso formed 

The Sulphites. — Since sulphurous acid is dibasic, two scries of salts, acid 
and normal, exist. Thus, in the case of sodium there are — 

1. Sodium bisulphite (acid sulphite), NaHSOg 

2. Sodium sulphite (normal sulphite), NagSOg. 

The sulphites of sodium and potassium are readily soluble in water, those of 
other metals, such as calcium, oidy sparingly soluble. 

The bisulphites of sodium and calcium are made by passing sulphur dioxide, 
obtained by burnmg sulphur, into sodium hydroxide solution or milk of lime — 

Na0H+802=NaHS03 

The normal sulphites are prepared by neutralising the hydroxide with sul- 
phurous acid — 

2Na0H-fH2S0j=Na2S03-f2Hj0. 

Sodium bisulphite, NaHSOg, is a colourless substance, readily soluble in water 
Its solution acta as though it were a mixture of sulphurous acid and sodium 
sulphite — 

2NaHS0a=Na2S03-fH2803 

When treated with a mineral acid, it is decomposed with the liberation of 
sulphur dioxide — 

NaHSO.-fHCl^NaCl-fHgO-f-SOg 

When sodium bisulphite, or its aqueous solution, is exposed to air, it becomes 
oxidised to sodium bisulphate — 

NuHS03-l-0=NaHS04 

Sodium bisulphite is acid to phenolphthalcin but neutral to methyl orange 

Sodium metabisulphite, NajO(SOg)g or NagSgOj, is a useful reducing agent, 
since it is comparatively stable It is a solid substance, soluble in water and 
containing 67-4 per cent, of available sulphur dioxide. When dissolved in water 
it gives up some of its sulphur dioxide, and the whole of it can be liberated by 
sulphnno acid — 

Nag0(802)a-t-H2804=NagS04-fHg0-f2S0g. 

Normal sodium sulphite, NagSOg lOHgO, is a colourless crystalbne substance 
readily soluble in water Its aqueous solution is alkaline to both phenolphthalein 
and methyl orange. It is readily oxidised to sodium sulphate when exposed to 
air or the action of oxidising agents It is decomposed when heated, giving a 
mixture of sodiuhi sulphate and sodium sulphide — 

4Na,SO,=3Na,SOi-fNa2S. 
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Sulphur dioxide may be obtained frem a sulphite, as mentioned above, by 
treating it with a stronger acid. When a solution of sodium sulphite is boiled 
with finely divided sulphur, the latter is dissolved and sodium thiosulphate 
is formed — 

NajS03+S=Na28j0*. 

Hydrosulphites. — When an aqueous solution of sulphur dioxide is treated 
with zinc dust the zinc salt of hydrosulphurous acid, HgSaOj, is formed — 

2HjS0s+Zn=ZnSg04+2Ha0. 

The action is probably one of reduction. Mellor (Modern Innrqanw Chemistry, 
p 426) gives the following explanation • — 

(1) Zn+HaSOa =Zn80,+Ha. 

(2) 2 HjS 03 + 2 H=HaSa 04 + 2 Ha 0 . 

(3) HaSjOa-bZn =ZnS203-|-H2 

If a solution of sodium bisulphite containing dissolved sulphur dioxide be 
used the reaction is 

2NaHS03-{-S02~f~2n=Na2S204“l“Zn803-i-®^a^* 

If the zme be precipitated by means of milk of hme and the mixture filtered, 
a solution of sodium hydrosulphite is obtained, from which the crystalline salt 
NaaSaO^ 2H2O may be separated Sodium hydrosulphite is a colourless soluble 
substance from which hydrosulphurous acid may be liberated by treatment with 
acetic acid. But hydrosulphurous acid is unstable, and decomposes gradually 
into a mixture of sulphuric and sulphurous acid and sulphur Sodium hydro- 
sulphite IS a powerful reducing agent, either in aqueous, acid, or alkaline solutions. 
It acts, probably, by decomposing water forming sodium hydrogen sulphate and 
liberating nascent hydrogen — 

Na2S204-(-4H20=2NaHS04-l-3H8 

Although it is not of great importance ns a bleaching agent, sodium hydro- 
sulphite is used extensively in dyeing as a stnpping agent and for reducing indigO 
to indigo white 

Hydrosulphites give stable addition-compounds with formaldehyde, which 
are also important as stopping agents for dyestuffs Thus, hydrosulphite N.F. 
IS a double compound of the composition Na2S204 2HCH0 When sodium 
hydrosulphite is dissolved m 40 per cent formaldehyde solution (formalin) 
and cooled, crystals of formaldehyde bisulphite, NuHSOs (’H2O 2TI2O, and 
formaldehyde hydrosulphite, NaHSOj CHgO 2H2O, arc produced This may 
indicate that commercial sodium hydrosulphite is a mixture of bisulphite and 
hydrosulphite combined with one molecule of water. 

NaHS 0 j-bNaHS 02 -|-H 20 =Na 2 S 204 . 2 H 20 

If this be so, hydrosulphurous acid must bo H2SO2 and not H2S2O4 as generally 
represented, and when treated with formaldehyde the following reaction takes 
place — 

NaaSaO* 2H20+2CH20-b2H20=NaHS03CH80 HjO-fNaHSOaCHaO 2 H 2 O 

The formaldehyde compounds of hydrosulphites are comparatively stable in 
aqueous solutions. When treated with dilute acetic acid, hydrosulphurous acid 
is hberated slowly at ordinary temperatures, the reaction only being completed 
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at the boihng-pomt. A Rimilar decomposition is brought about by the action of 
steam These compounds are sold under such names as decrolein, formosul, etc. 

Bochter (Brit. Pat. 182776) uses sodium hydrosulphite for bleaching cotton 
in the following manner • The goods are treated with caustic soda lye (preferably 
in a vacuum at a temperature below 100° C ) containing from 0*05 to 0-1 per cent, 
of sodium hydrosulphite After heating for four hours at 50° to 70° C , the 
goods are washed, soured and bleached with a solution of a hypochlorite. 

The Use of Reducing Bleaching Agents. — Sulphur dioxide and its 
derivatives have only a very hmited use in the bleaching of cotton. They are, 
however, employed largely for animal fibres, such as wool and silk, which cannot 
be bleached with chlorine or bleaching powder without risk of causing structural 
damage. Unions containing wool and silk are frequently bleached by means 
of sulphur dioxide, but unless the operation is earned out with great care and 
every trace of sulphurous acid removed subsequently, tendering commonly 
results. Sulphur dioxide bleaching is generally termed “ stoving.” Sulphur 
IB burnt in a stove and the resulting sulphur dioxide is led into a chamber in 
which the goods are hung on wooden frames. Sometimes the sulphur is simply 
placed in pots and burnt in the chamber itself This method is not to be recom- 
mended since, if there is defiMency of air, some of the sulphur may be sublimed 
and condense on the goods causing stams No metal which is attacked by acid 
must be used in the construction of the chamber, and iron in particular must 
be absent The goods should be damp, though not sufficiently wet to allow of 
the sulphurous acid collecting in the lower portions. When the chamber is 
filled with the sulphur dioxide it is closed and the goods are left in it for some 
hours. From 5 to 7 lbs of sulphur arc necessary for every 1(X) of material to 
be bleached. When the bleaclung is complete, the excess of sulphur dioxide 
IS blown out and the goods are removed and washed thoroughly with water 
In the case of unions, the wool adsorbs sulphur dioxide and it is very difficult 
to remove it by washing with water alone Hence, after washing away as much 
of it as possible with water, the bleached goods are worked in a bath of dilute 
sodium carbonate solution and then washed again with water The sodium 
sulphite which is formed is much more readily removed than the sulphurous acid 
Sulphur dioxide may be removed also by placing the goods in water and adding 
a solution of potassium permanganate in small quantities as long as it is de- 
colorised. This treatment is followed, as before, by a bath of sodium carbonate 
and washing with water It should be noted that union goods containing 
vegetable fibres are often tendered through small quantities of acid which h.ivc 
been retained by the wool 

Liquid sulphur dioxide is used, occasionally, as a source of the gas, but, for 
some rather obscure reason, it does not bleach as well as sulphur dioxide produced 
by burning suljihur It is possible that the difference may be duo to the fact 
that the latter contains traces of sulphur tnoxide 

Sodium bisulphite is used in an aqueous solution containing from 10 to 15 lbs. 
for every 100 material Since only half of its sulphur dioxide is available in 
aqueous solution, the bath is either acidified or the goods, after soaking in the 
bisulphite solution, are put into a bath of acid to complete the bleaching action. 
In this case the bisulphite is used as a standing bath. The reactions are — 

(1) 2 NaHS 03 =Na*S 03 -fHgS 03 . 

(2) NajSOs-t-HjSO^^NasSO.+HgSOa. 

If normal sodium sulphite be employed the bath is acidified at the beginning 
in accordance with the equation (2). 
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The Analysis of Sulphurous Add and Sulphites.— Sulphur dioxide in 
solution IS estimated by titration with decinormal iodine solution Iodine is 
reduced in the same way as chlonne in accordance with the equation 

Ij+2H,0+S0g=2HI+H*804 

From 1 to 5 grammes of the sample, according to its strength, are weighed 
in a stoppered weighing bottle, washed into a 500 c c. flask, and diluted to the 
mark with recently boiled distilled water (t e free from oxygen). 

A suitable volume (25 c c.) is withdrawn by means of a pipette and run into 
a stoppered bottle which contains a known volume of decinormal iodine solution, 
which must be sufficient to oxidise ail the sulphur dioxide and still leave an 
excess of iodine. After rotating the bottle gently, the excess of iodine is titrated 
with decinormal sodium thiosulphate solution This is run in from a burette, 
replacing the stopper and mixing the contents of the bottle after each addition. 
When the colour of the iodine has been nearly discharged a drop of starch solution 
IS added. A blue colour, due to iodide of starch, is produced. The thiosulphate 
solution IS now added carefully till this blue colour ]ust disappears This will 
happen as soon as all the iodine has been changed by the sodium thiosulphate 
into sodium tetrathionate — 

2 Na 2 Sj 0 j-)-Ij= 2 NaI+NajS 40 a. 

Each cubic centimetre of decinormal iodine which has disappeared corre- 
sponds to 0 0032 gramme of sulphur dioxide This method is applicable to 
either sulphurous acid, bisulphites, or sulphites 

The titration may be made, also, by adding the sulphurous acid solution 
from a burette to a measured volume of decinormal iodine solution, till the 
colour of the iodine disappears If the sulphurous acid be added slowly with 
constant stirring, good results are obtained. In the case of sulphites dilute 
hydrochloric acid must be mixed with the iodine solution 

Iodine solution cannot be run into sulphurous acid unless excess is used as 
described above. The oxidation of the sulphurous acid is not complete under 
these circumstances and inaccurate results are obtained. According to Tread- 
well, this IS caused by the fact that the hydnodic acid reduces part of the sul- 
phurous acid to sulphur — 

S0*-F4HI=2Ig-l-2H*0-h8 

Solutions of sulphurous acid may be titrated also with decinormal or normal 
alkali Either phenolphthalein or methyl orange may be used as indicators 
The production of a pink colour with phenolphthalein corresponds to the 
equation 

H*SO,-|-2NaOH=Na,SO,-f2HgO, 

since sodium bisulphite is acid towards this indicator 

Sulphurous acid is acid to methyl orange, but sodium bisulphite is neutral. 
Hence, if this indicator be used, the end point corresponds to the equation 

Hj80s-|-Na0H=NBH808-|-H*0. 

Mixtures of sulphites and bisulphites or of bisulphites and free sulphurous 
acid can be titrated also. 

Mtaeturea of Sulphurous Acid and Sodium Btstdphtte. — A measured volume 
of the solution is titrated with standard sodium hydroxide, methyl orange being 
used as the indicator till the solution is just neutral, i.e. till the free sulphurous 
acid is all changed to sodium bisulphite. The volume of sodium-hydroxide '' 

27 
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solution used is read off. A drop of phenolphthalein solution is then added and 
the addition of the sodium hydroxide continued till a faint pink colour appears. 
This indicates that the whole of the sodium bisulphite has been changed into 
normal sulphite. The amount of free sulphurous aeid is calculated from the 
first reading, while the second gives the total sulphur dioxide (factor 0*0032) 
present as bisulphite If the sulphur dioxide present as free sulphurous acid 
be deducted from the total, the difference gives that present as bisulphite in the 
original solution In the analysis of mixtures of bisulphite and normal sulphite 
the acid sulphite is first titrated with standard sodium hydroxide and phenol- 
phthalein. Methyl orange is then added, and the total SOj present as bisulphite 
IS found by titration with standard hydrochloric acid. 

It IS necessary, sometimes, to identify or estimate small quantities of sul- 
phurous acid in fabric or other materials The best way is to distil the material 
with steam, condensing the distillate by means of a vertical condenser, the end 
of which dips beneath the surface of some bromine water. The excess of bromine 
IS removed by adding a few drops of hydrochloric acid to the distillate and 
boiling it Banum chlonde sodium is then added and, after further boiling, any 
precipitated barium sulphate is filtered off and weighed 

When sodium bisulphite is titrated with sodium hydroxide, pheiiol])bthalein 
being used as indicator, no distinction is made between bisuljihite and bisiilphate 
Thus* 

NaHSOg-l-NaOH^NajjSOa-l-HgO, 

NaHSO^-f-NaOH =NagS 04 -fH 20 

Further, titration with iodine does not differentiate bisulphite and bisulphate 

The following method (/ Leather Traces ChemiHs, 1022, p 11*9) may be used 
with advantage Two grammes of the bisulphite are dissolved in water and 
titrated with normal sodium hydroxide solution for total acidity (n), phenol- 
phthalein being used as indicator If, now, 10 c c of neutralised formalin be 
added, sodium hydroxide will be liberated in accordance with the eijuntion 

NajSOj-fHCHO-HHsjO-NaHSOs.HCHO-l-NaOH 

This liberated sodium hydroxide is then titrated with normal hydrochloric acid 
(6). Then, 

1 If a=b, the impurities present are only neutral salts 

2 If a>b, acid impunties are present, and the difference, a—b, is calculated 
into sodium bisulphate. 

3. If b>a, normal sulphite is present and the difference, h — a, is calculated 
into NagSOj. 

An interesting paper on the composition and evaluation of commercial sodium 
bisulphite by Harrison and Carroll {J SC 1 , 192.5, p 127 t) may be included 

Commercial sodium bisulphite is invanably sold on the basis of its sulphur 
dioxide content The chief factors determining its deterioration are its physical 
structure and the presence of air and moisture. The authors have investigated 
the principle of oxidising bisulphite to bisulphate by means of hydrogen })eroxide 
and titrating the acidity by means of standard sodium by dioxide solution. 
They find that the end point is quite sharp and recommend the following method 
of analysis . — 

Total Sulphur Dioxide — About 0*25 gramme of the sample is weighed out 
on a watch glass and the whole dropped gently into a large beaker containing 
50 c.c. of N/lO iodine solution in 500 c.c. of distilled water. The whole is then 



strLPStm DioxiDB A3n> rrs oBBxvATrvBs. 


419 


atirred until the bisulphite has dissolved completely, when the uuabsorbed iodine 
is titrated with N/10 thiosulphate solution. 

Sulphur Dioxide existing as Metabisulphite . — Exactly 10 c c of hydrogen 
peroxide solution (20 vols ) are added to each of three flasks containing 50 e c. 
of distilled water and 0-5 c.o. of methyl orange indicator solution ((V2 jiercent.) 
If this solution is acid in reaction this should be adjusted by the careful addition 
of N/5 sodium hydroxide solution until only a faint red tint is visible About 
1 gramme of the sample is weighed out quickly and transferred to the flask with 
the addition of a few cubic centimetres of water. This operation is repeated 
with a second flask The flasks are then shaken and cooled if necessary About 
50 c c of distilled water are now added to the flask representing the blank experi- 
ment, so that the concentration of the indicator is approximately the same in 
all three flasks at the end of the titrations to be performed. The contents of 
the two flasks containing bisulphite are then titrated with N/5 sodium hydroxide 
solution until the tints of the indicator in all three flasks are identical. Pro- 
ceeding 111 this way it will be found that the sulphur dioxide values obtained in 
diijiliciito do not differ by more than 0*2 per cent 

Sodium sulphate is determined by observing the precautions of Giles and 
Shearer, to which reference has been made already. 

The following results were obtained by the authors from the analyses of five 
samples of commercial bi.sulphite — 


Sample 

A 

B 

C 

J) 

K 

Total SO, 

>SO, cMstinp as mcUbiKulphitc 

Pit cent 
0.-) 7H 
(4 16 

Per wnt 
66 46 

63 62 

Per cent 

64 06 

62 .‘4 

Pit cent 
67 83 

63 06 

Ptr cent 

63 40 

60 42 


From these were calculated the amounts of metabi sulphite, Na^SjOj, con- 
tained III these samples , also the percentages of the normal sulphite, NajSOs, 
present on the assumption that the difference between the total SOj and that 
existing .i.s NajRaGfi is a measure of the quantity of normal sulphite A deter- 
mination of the amounts of Hu1{)hate contained completed the analyses, giving 
the following values — 



A 

B 

C. 

D 

E. 

Sodium mctabiHulphite, 

Per cent 

Per cent 

Pit cent 

Per cent 

Per cent. 

Na,S,Oj 

Sodiiiiii Hiilphite, Na,SO, 

96 23 

94 46 

92 86 

78 76 

89 69 

321 

360 

4 76 

9 41 

5 87 

„ sulphate, NhiSO, 

1 61 

1 91 

2 41 

9 82 

412 


100 06 

99 96 

100 02 

97 90 

99 68 


Samples A, B, and C were crystalline powders and, as the above analyses 
show, contained little or no moisture. Independent tests showed that the water 
content of these was less than 0‘1 per cent. Sample D was an amorphous powder 
and contained about 2 per cent of moisture ; subsequent analyses of this sample 
proved it to be unstable, oxidation taking place at a fairly rapid rate. Sample 
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E was a fine powder and contained a small percentage of moisture. It was fairly 
stable, but the metabisulpbite content was low. Examination of these samples 
for thiosulphate and salts of other sulphur acids gave negative results. 

(lonsidenng the results of these analyses, and also the appearance of the 
samples physically, it would appear that the stability of commercial sodium 
bisulphite IS a function of its crystalline structure anti also of its lack of moisture 
content It IS evident, further, that the assumption that commercial bisulphite 
contains sodium hydrogen sulphite is incompatible with the results of analysis ; 
for if the latter salt were a constituent of the commercial material, the tabulated 
results as given above would appear thus ‘ 



A 

B 

a 

D. 

E. 

Sodium hydrogen sulphate . 
„ sulphite 
„ sulphate 

Per cent. 
104 35 

3 21 

1 61 

Per cent 
103 50 
360 

1 ei 

Per cent. 
101 74 

4 75 

2 41 

Per cent 
86 30 

9 41 

9 82 

Per cent 

98 27 

6 87 
412 

109 17 

109 01 

lOSOO 

105 53 

108 20 


The Analysis of Sodium Hydrosulphite. — Hydrosulphites are oxidised 
to sulphites by alkahnc solutions of chromates, but the sulphites thus formed 
are not oxidised further — 

2Na*Cr04+3Nas,S,O44-2Na0H=:6Na*SO3+Crs,0s+H80. 

Knecht {J.8.G.I., 1916, p 4-21) based the following process on these facts . 
From 0 1 to 0'2 gramme of the hydrosulphite is added to 20 c e of decinormal 
potassium bichromate solution made alkaline with sodium hydroxide. The 
solution 18 boiled for three or four minutes The oxide of chromium is then 
filtered off and boiled with water and sodium peroxide till it is dissolved, and the 
excess of hydrogen peroxide expelled. The chromium present as chromate is 
then determined by titration and the corresponding hydrosulphite is calculated 

Memman (J^.8 G.I., 1923, p 291) gives a method depening upon the fact 
that when sodium hydrosulphite is treated with excess of formaldehyde, it breaks 
up into a mixture of sodium sulphoxylate formaldehyde (NaHSOg.CHjO 2HgO) 
and sodium bisulphite formaldehyde (NaHSOs.CH,O.HjO), according to the 
equation 

NagS304+2CHs,0+4H30=NaHSOj,.CH30 2 Hg 0 +NaHS 03 CHjO.HgO. 

Sodium bisulphite formaldehyde is not acted upon by iodine m neutral or 
acid solutions. Sodium sulphoxylate formaldehyde reacts with iodine in neutral 
or acid solution, according to the equation 

NaHS0jCH30.2Hg0+4I=NaHSO4+CH30+4HI. 

Thus the action of iodine on a solution of sodium hydrosulphite, in the 
presence of excess of formaldehyde, is 

Na,Sj04+2CH,0+4I+3H30=NaHS04+4HI+CH,0+NaHS03.CH,0. 

That is, one molecular weight of NajSgO^ reacts with four atoms of iodine. Hence, 
1 c.c. N/10 iodine solution is equivalent to 0004352 gramme of sodium hydro- 
sulphite, Ha^gOg. 
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The method of application is as follows : After sampling, 10 grammes are 
weighed. A btre flask is used, cut ofl at the neck to within 1 inch of the mark, 
and provided with a well-fitting rubber stopper. From 20 to 40 c c. of formal- 
dehyde are placed in the flask and distill^ water is added, leaving room for 
another 50 c.c. After mixing the water and fonnaldehyde, the weighed hydro- 
sulphite IB introduced through a dry funnel with a short wide stem. The funnel 
IS washed down rapidly, the volume made up to the mark, the stopper inserted, 
and the contents well mixed About 100 c.c. of water, followed by 20 c.c. of 
the hydrosulphite solution, are placed m a beaker and 50 cc. of decinormal 
iodine solution are at once added. The light brown liquor is left for two minutes 
and the excess of iodine is then back-titrated with decinormal thiosulphate 
solution 

A somewhat similar process is described by Messrs Brotherton & Co. (J.S.C.L, 
1923, p 1131), in which a mixture of potassium iodide and iodate is used instead 
of iodine solution. 



CHAPTER XXIIl. 


CHLORINE AND ITS DERIVATIVES. 

Chlorine — Hypochlorous Acid, Bleaching Powder, and their Use 

in Bleaching. 

Chlorine belongs to the group of elements known as the halogens The family 
includes the following elements — 

Plnonnc atomic weight, J9 UU 

Chloimo „ !)6 SO 

Bromine . . . „ 79 7b 

Iodine „ 126 ;i4 

From member to member in this family a gradual and weU-marked alteration 
of chemical and physical properties can be traced Thus fluorine is a colourless 
and chlorine a heavy yellow gas Bromine is a liquid and iodide a crystalline 
solid The halogens all combine with hydrogen, giving acids containing one 
atom of the halogen and one of hydrogen. Fluorine reacts with hydrogen with 
explosive violence, even in the dark , chlorine readily in sunlight, bromine only 
slowly, and iodine only when heated The increase in atomic weight is thus 
accompanied by a weaker affinity lor hydrogen The power of combining with 
oxygen varies in the opposite way Fluorine refuses to combine at all , the 
oxKles of chlorine are unstable , while iodine jieutoxido, I^Og, is a very stable 
compound The relative decrease of chemical affinity with increase of atomic 
weight IS also well shown by the fact that chlorine will replace both bromine and 
iodine in its compounds , while bromine replaces iodine, but not chlorine 
Fluorine is able to replace even chlonne 

Chlorine is never found free iii nature. Its commonest compound is sodium 
chloride or common salt , but magnesium, potassium, calcium, and silver 
chlorides are also common 

Chlorine is obtained very easily from salt by heating it with manganese 
dioxide and dilute sulphuric acid The reaction takes place in accordance with 
the equations 

(1) 2NaCl+HjS04^Nag804+2HCl 

(2) Mn0g+HjS04=MnS0«+Hg04-0 

(3) 2HC1+0 =HgO+Cl, 

Or, adding these together, we have 

2NaCl+Mn0a+2HjiS04=NagS04+Mn804+2Hs0+Cl8. 

The manufacture of chlorine commercially is intimately connected with the 
Leblanc .soda process, the first stage of which consists in treatmg salt with 
sulphuric acid, whereby hydrochloric acid and sodium sulphate are produced. 

Chlorine is also produced when hydrochloric acid is heated with oxidising 
agents other than manganese dioxide, such as potassium bichromate — 

K*CraO,+14HCl=2KCl+2CrCl3+7HgO+3Cla 
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On the large scale chlorine is made chiefly by (a) the Deacon process, and 
(b) the electrolysis of solutions of sodium chloride. In the Deacon process, 
%drochloTic acid gas mixed with air is passed over balls of pumice, saturated 
with a solution of cuprous chloride CujOlj; heated to a temperature a little below 
400“ C. The cuprous chloride plays the part of a catal3d;ic agent or oxygen 
carrier remaining unchanged at the end of the operation — 

2HCl+0+C'ugCl,=augClg+Hg0+Cl2. 

It IS probable that the reaction takes place in stages, thus 
Gu2Cl*+2HCl+0=2CuCl*+HgO, 

2CuCla=CugCljj+Clg 

Or, it may be that an oxychloride of copper is first formed, thus . 

2CujClj+Og=2CugOClg, 
which breaks down into cupno chloride, thus 

Cua001a+ 2HCl=2CuClg+HgO. 

The chlorine produced m this manner contains water-vapour, free hydro- 
chloric acid, and excess of air The hydrochloric acid is removed by washing 
the gas with water, but the air remains. The chlorine made by this process is 
suitable for the manufacture of bleaching powder. 

The electrol3rtlc process consists of passing an electric current through a 
solution of .salt in a double cell. This method is combined with the preparation 
of sodium hydroxide (p. S.*)!) When a solution of sodium chloride is electrolysed 
it IS resolved into its ions Na and Cl The chlorine is liberated at tbe anode and 
the sodium at the kathode This sodium at once decomposes water, forming 
sodium hydroxide — 

Na-fllgO-NaOH+H. 

If the electrodes arc close together, the chlorine dissolves in the solution of 
sodium hydroxide formed, and sodium hypochlorite results But if the electrodes 
.ire separated by a jiorous diaphragm this reaction does not take place, and both 
chlorine and sodiuin hydroxide can be obtained* separately. 

Properties of Chlorine. — Chlorine is a yellowish-greeii gas, possessing a 
very pungent smell When inhaled, it attacks the mucous membrane of the nose 
and throat, and, if taken in large quantities, is a dangerous poison. Chlorine 
IS SS'.') times heavier than hydrogen and 2’45 times heavier than air. It may 
be collected, therefore, by downward displacement The gas is easily liquefied 
by cooling it to —34° C Liquid chlonne has a yellow colour It freezes to a 
solid at —102° C It 16 stored in cast-iron or steel cylinders. It is used in the 
extraction of gold from its ores, and may be employed in the preparation of 
bleaching liquors (p 452). 

Chlorine is very soluble in water. The solubihty at different temperatures 
18 given in the following table * — 

liitres of Chlonno dis- 

Temperature. solved by 1 Litre 

of Water. 

0° a 3 430 

8“ C. 3 040 

10“ C 3 000 

17° C ' 2 370 

60° C 1 490 

100° C. 0 160 
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When a saturated solution of chlonne in water is frozen, crystals of chlorine 
octahydrate, ClgSH^O, are formed A solution of chlonne in water (chlonne 
water) has a yellow colour and the eharactenstic smell of chlonne When 
kept, particularly if exposed to light, hydrochloric acid is formed gradually, in 
accordance with the equation 

Cl,+H,0=2HCl+0 

Very dilute solutions of chlorine in water contain hypochlorous acid — 
H,0+C1*^HC1+H0C1 

This reaction, as indicated, is reversible Moist chlonne is a powerful oxidising 
agent, owing to its power of decomposing water with the liberation of nascent 
oxygen A piec e of damp litmus paper is bleached instantly when placed in a 
]ar of chlonne Among other oxidising actions is the formation of sulphuric 
from sulphurous acid — 

Cli,+H*0+H^Oj,=2HCl+Hg804 

Another oxidation of a difierent type is the changing of ferrous chloride in the 
feme salt — 

FeCl*+Cl=FeCls 

The ble,iching action of chlorine is due, primarily, to its great affinity 
for hydrogen This property is illustrated in many ways When chlorine and 
hydrogen are mixed in eijual yolumes and exposed to a strong light, or if an 
electric spark be passed through the mixture, they combine to form hydrochloric 
ac id with explosive violence This, however, does not take place if both gases 
are absolutelj dry But 1 part of water in 300 millions of the mixture is suffii lent 
to promote the reaction If a ]et of burning hydrogen be lowered into a ]ar of 
chlorine, the hydrogen continues to burn with the formation of hydrochloric 
acid 

If sulphuretted hydrogen be mixed with chlorine, it is decomposed, hydro- 
chloric a( id and sulphur being formed — 

H^-fCl,=2HCl-|-S 

Chlorine deioniposes ammonia, producing hydrochloric ,icid and mtrogcii 
The liberated nitrogen toinbiiies with more chlorine to form nitrogen (blonde, 
which is a very powerful explosive Organic compounds, hutii as proteins, 
which contain ammo groups, are converted into chloramines when treated with 
chlorine (p 50) 

Or again, a jiiece of filter-paper, moistened with turjientine, ( loHjg, and plac cd 
ill an atmosphere of chlonne, bursts into flame owing to the heat produced by 
the action between the chlorine and hydrogen, the carbon being liberated at the 
same time — 

CioH„-|-8Cl,,=16Ha-fl0C 

Nearly all hydrocarbons react with chlonne, forming either addition or sub- 
stitution compounds, according to whether they are unsaturated or saturated 
Thus, ethylene, (’aHj, forms ethylene chloride, GgH 4 Clj, while in the case of 
methane, which is saturated, the hjdrogen atoms can bo replaced successively, 
giving ultimately carbon tetrachloride t'Cl 4 

Chlonne combines, also, directly with many other elements both non-metalhc 
and metallic, giving compounds termed chlorides Phosphorus burns in an 
atmosphere of chlonne, forming phosphorus pentachloride, FClg 
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Among ^he metals, so^um, potassium, iron, aluminium, and mercury all 
umte readily with gaseous ohlorme to form chlorides. The metallic chlorides 
can be obtained, also, by the usual methods, such as the action of hydrochloric 
acid upon the metal or its oxide. 

In some cases, the chlorides are only very slightly soluble in water, and can 
be prepared by precipitation. Thus, silver chloride, mercurous chloride, and 
lead chlonde are thrown down when hydrochloric add or a soluble chloride is 
added to a solution containing a soluble salt of the metal. 

As a rule, the metalhc chlorides are soluble in water, but, besides those already 
mentioned, cuprous and aurous chloride are only sparingly soluble. Lead 
chloride, FbClg, dissolves in boilmg water, but crystallises when the solution is 
cooled. Some of the chlorides, although soluble, are hydrolysed by water 
Aqueous solutions of the chlorides of magnesium, zinc, or aluminium are acid 
to litmus-paper, and when evaporated leave a residue of oxychloride (or basic 
chloride), hydrochloric acid being driven off — 

MgClj-fHjO=MgOHCH-HCl 

Bismuth chlonde is completely precipitated as a basic salt when its solution 
in hydrochlono acid is diluted largely with water — 

BiCla-f 2HgO= Bi(OH)gCl-t-2HCl. 

Stannic chlonde, SnCl4, is a fuming, colourless hquid which boils at 1 13'9° C It 
unites with water, giving a senes of crystallme hydrates, SnCl4 3Hg(), SnCl4 5HgO, 
and SnCl4.8HaO. Aqueous solutions of stanme chloride are hydrolysed gradually, 
yielding stannic hydroxide — 

SnCl4-f-4HgO=Sn(OH)4-t-4HCI. 

Many of the chlorides unite with others, forming double salts Thus, carnalhte 
IS a double chloride of potassium and magnesium, KCl MgClg.GHgO Magnesium 
ammonium chloride, MgClg NH4CI 6HgO, is prepared by mixing solutions of 
the constituent chlorides and allowing the mixture to crystallise. This com- 
pound IS soluble in ammonium hydroxide. If, therefore, ammomum chloride 
be present in a solution containing magnesium chloride, the metallic hydroxide 
IS not thrown down when ammoma is added 

Chlorine gas has, hitherto, not been used much as a bleaching agent, owing 
partly to the difficulty attending its manufacture in small quantities and the 
transport of liquid chlorine. But liqmd chlorine is now comparatively easy to 
handle and is suitable for many purposes, which wiU be described later 

Bromine, a heavy red hquid, boilmg at 59° C and freezing at —70° C , is 
prepared in a similar manner to chlonne Its chemical affinities are, as we have 
seen, less strong than those of chlorine, and it is sometimes used for bleaching 
silk goods. With caustic soda, bromine gives compounds similar to those of 
chlorine. 

Nitro -hydrochloric acid, or aqua regia, is a powerful bleaching agent. 
Although not used for cotton goods, it is sometimes employed for silk Aqua 
regia is prepared by mixing mtric and hydrochloric acids in the proportions 
represented by the equation 

3HCl-fHNOa=2HaO-fNOCld-Clg. 

The chlorine, being ju the nascent condition, has very powerful bleaching pro- 
perties, acting, of course, by decomposing water with the liberation of nascent 
oxygen. The mixture is diluted with water and heated to a temperature of 
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40“ to 60° C for use The goods after bleaching must be thoroughly washed 
till quite fiee from acid, after which they are sometimes subjected to the action 
of a bath of sulphurous acid and again washed Great care must be taken not 
to use a strong bath To obtain a good efiect the process may be repeated till 
the required degree of whiteness is obtained 

(Compounds of Chlorine with Hydrogen and Oxygen. — Chlorine com- 
bines with hydrogen and oxygen in several proportions, giving rise to the following 
acids — 

HCIO, hypochlorous acid. 

HClOj, cUorous acid 

HCIO3, chlonc acid 

HCIO 4 , perchloric acid. 

The first two of these are unstable, and exist only in aqueous solution These 
acids may be regarded as the hydrates of a scries of oxides They are — 

CljO, chlonne monoxide 
ClOj, chlorine peroxide 
CljOj, chlonne pentoxide. 

CI 3 O 7 , chlonne heptoxide 

Their combination with water may be represented by the following equa 
iious — 

Cl30-fH30=2nU10, 

‘iClOjs-fHjO-HClOg+HClO^, 

CI3O6+H3O-2HCIO3, 

(.l 30 ,+H 30 = 2 H 0104 

Hypochlorous Acid, HOCl. — ^This acid may be ])r(])vrcd by dissolving 
chloriiu inoiioxidc 111 w iter The oxide, which is a yellow gas, is nude by 
jiassiiig chlonne over (lr\, freshly jirei ipitated men uric oxide in a cooled tube 
The chlorine monoxide is then led into a leceivei cooled m a mixture of ue 
and salt It condenses to a yellowish blown coloured licpiid which boils it ’i° ( 
at a pressure of 7J8 mm It is veij unstable, and exjilodcs, when heatce), iorimng 
a mivtuic of chlonne and oxygen It ilissolves leadily in w.iter, giving hyjio- 
chlorous acid 

Uiliitc solutions of hyjiochlorous .uid, together with hydrochloric acid, are 
obtained when chlorine is jiassed into wvter The reaction is a reversible one, 
repiescnted by the ecjuatiou 

Clad H3O— HCl+HOCl 

The direction in which this reaction proceeds is governed largely by the hydro- 
chloric acid When the quantity is small the reaction proceeds from left to 
right, forming hypochlorous and hydrochlonc acids, until a state of equilibrium 
IS reached \s soon as the hydrochloric acid is mcreased beyond this point, 
either by direct addition or by increasing the quantity of chlorine, the reaction 
tends to be rei ersed, and the hypochlorous acid is decomposed as qmckly as it 
IS produced In the presence of Urge excess of hydrochlonc acid hypochlorous 
acid caimot exist at all 

Acconling to Orustein {J Soc Dyers and Col , 1921, p 265), at atmospheric 
temjierature the reaction takes jilat e from left to right if not more than 0 1 
gramme of chlorine per litre is present, while at higher temperatures the quantity 
of chlorine producing the same degree of hydrolysis is greater He claims that, 
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in this way, solutions of hypochlorous acid can be prepared which are free from 
chlorine or hypochlorites. 

It IS clear, from the equation given above, that if the hydrochloric acid be 
removed as quickly as it is produced, much more concentrated solutions of 
hypochlorous acid could be obtained from the action of chlorine on water. Now, 
while hydrochloric is a strong acid, hypochlorous acid is a very weak one, being 
unable to decompose even carbonates Hence, if powdered calcium carbonate 
be suspended in th'e water the hydrochloric acid will be neutralised, while the 
hypochlorous acid remains in the solution — 

2 HCl+CaC 03 =CaCla+H 8 C 03 . 

Freshly pre])ared mercunc oxide, or sodium carbonate or bicarbonate, may 
be substituted for calcium carbonate The reactions are — 

2Hg0+2Cl3+H30^Hg0.HgCl3+2H0Cl, 

CaC0a+2Cl4+H*0^CaCl3+2H0Cl+C02, 

NaaC 03 + C'lj 4 -Ha 0 :^NaHC 03 +H 0 Cl+NaCl. 

But all these reactions are reversible. When the concentration of hypochlorous 



aeul exceeds a certain ])oint, free chlorine is always present m the solution 
That IS, only comparatively dilute .solutions can be jirepared in this manner 

Orn.stein has patented the use, for bleaching, of dilute solutions of hypo- 
chlorous acid prejiared in this way The bleaching liquor may be made by in- 
troducing the chlorine into a bath of water containing the goods which it is 
desired to bleach. It must be observed that Ornstem’s patent does not claim 
the method of preparing hypochlorous acid by passing chlorine into water con- 
taining suspended chalk, etc. This is a matter of common knowledge. It claims 
the use of such dilute solutions as are obtainable by the direct action of chlorine 
on water. 

When preparing large quantities of hypochlorous acid solution, a cyhnder 
of liquid chlorine may be used. The water and calcium carbonate must be 
placed in a vat hned with cement, and the delivery tube for the chlorine, made 
of lead, should pass to the bottom of the vat and be perforated with small holes. 
Solution of the chlorine should be assisted by gentle movement of the hquor. 
Fig 148 shows a suitable form of apparatus. 

In another patent method (Eng. Put 122888, 2nd May 1918) the water or other 
liquid to be saturated is supplied to the inner chamber of an atomiser arranged 
near the tup of a receiving tank, and the supply of chlorine gas is connected with 
the outer chamber of the atomiser. The main supply of both chlorine and water 
is governed by interconnected valves, so that one cannot be opened without the 
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other. A perforated globular chamber of earthenware is fitted over the delivery 
orifice of the atomiser, to spread the mixture of liqmd and gas. The tank is 
provided with a siphon discharge pipe and a vent flue, connected with the upper 
part of the tank by means of a siphon, to prevent excess of pressure. 

Claim is also made in U.S Pat , 1261672, 2nd Apnl, 1918, for a method of 
decomposing water at 100° C. with chlonne Steam and chlorine are made to 
react with one another at this temperature, and the aqueous hydrochloric acid 
is removed, by condensation, the more volatile hypochlorous acid being then 
absorbed by caustic alkali 

Taylor and Bostock prepare h)q)ochlorou8 acid by distilling a mixture of 
bleaching powder with thirty times its weight of water and twice its weight 
of bone acid According to these authors (Bleaching Powder and its Action in 
Bleaching, p 37), as long as about thirty times its weight of water is maintained 
a practically pure solution of hypochlorous acid is obtained. If, however, much 
less water be used mure chlorine is produced If 10 grammes of bleaching 
powder are distilled with 300 c c of water and any amount of boric acid from 
15 to 20 grammes, the first 50 or 100 c c. distilled off may be regarded as prac- 
tically pure hypochlorous acid, giving only a slight immediate turbidity with 
silver-nitrate solution (i.e. indicating the presence of hydrochloric acid) The 
solution of hydrochlorous acid so prepared is usually from 1'5 to 2N/10, and 
contains from 4 to 5 grammes of pure hypochlorous acid per litre 

Other weak acids give a similar result, if the amount used be only a little 
more than is necessary to neutralise the free hme present in the bleaching jiowder 
Acetic and phosphoric acids were both used by Taylor and Bostock in this way 
Carbon dioxide, also, decomposes a solution of bleaching powder, but the pro- 
ducts depend upon the temperature of the reaction Taylor and Bostock state 
that when carbon dioxide is bubbled through a mixture of bleaching xiowder 
and water, at low temperatures, only chlonne is evolved, but as the temperature 
IS raised hypochlorous acid begins to be jiroduced The j)ro])ortioii of hypo- 
chlorous acid to chlorine increases gradually with the temjierature, till at the 
boiling-point practically pure hypochlorous acid is obtained 

A solution of hypochlorous acid may be prepared from a dilute solution of 
bleaching powder by adding just enough dilute hydrochloric acid to neutralise 
both the free calcium hydroxide and the calcium hypochlorite. Thus 

('a(OH)jj-|-2HCl=CaCla-f2HaO, 

Ca(OCl) 2 -|- 2HCl=t!aClg-)-2HOCl 

The pll value of hypochlorous acid is about 6-0, while blcachiug-])owder 
solution IS strongly alkaline. If dilute hydrochloric acid be stirred in till the 
mixture has a pll value of about 6, when tested by a suitable indicator, the 
solution contains very little chlorine But the slightest excess of hydrochloric 
acid causes the decomposition of hypochlorous acid — 

HOClfHCl=HgO-}-Clg 

Properties of Hypochlorous Acid. — Pure hypochlorous acid cannot be 
prepared, nor can dilute solutions be concentrated, nor distilled, without de- 
composition with the production of hydrochlonc acid and free chlorine Hypo- 
chlorous acid, jirepared by the method of Taylor and Bostock, even when the 
distillation is earned out under reduced jiressure, contains always some free 
hydrochloric acid and traces of chlonne produced thus 

HOCl=Ha-fO, 

HOCl-fHCl=HgO-+-Clg. 
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If excess of hydrochloric acid be added to hypochloious acid the whole of the 
chlonne is immediately liberated. 

It IS stated often that solutions containing 5 per cent, of hypochlorous and 
can be prepared by concentration of dilute solutions, and that such solutions 
have a yellow colour and a characteristic smell 

The solution of Taylor and Bostock contains about 6 grammes per litre 
Though colourless, it, also, has this so-called characteristic smell But if shaken 
with calcium carbonate the smell disappears, indicating that it is due to chlorine. 
Moreover, the original distillate has a pH value corresponding to that of hydro- 
chloric acid, while, as stated above, the hydrogen-ion concentration of %po- 
chlorous acid is much less. Dilute aqueous solutions of hypochlorous acid are 
colourless and devoid of smell. When kept in the dark at a low temperature 
they are moderately stable, but if exposed to hght, or when warmed, they 
decompose rapidly, both oxygen and chlorine being formed in accordance with 
the equations given above 

According to Taylor ( J. Soc Dyers and Col , 1922, p 93) the decomposition 
probably takes place in two stages, chloric acid being a product of the 
reaction— 

(1) 3H0Cl=^HC10,-f2HCT 

(2) 2HCl-i-2HOCl=2HaO-t-2Cla. 

t'aylor found that when a solution of silver mtrate is mixed with hypochlorous 
acid, at first only a slight milkiness and a white precipitate of silver chloride is 
formed The decomposition of the h 3 q)ochlorous acid proceeds rapidly under 
these conditions, that is, the removal of the hydrochloric acid as soon as it is 
produced. This suggests the reversibihty of the equation 

3H0Cl::?=i^HC103-f2HCl. 

Hy|iochlorous acid is soluble in certam orgamc solvents, such as ether, chloro- 
form, and carbon tetrachloride, especially if a httle alcohol be present 

Owing to ith property of yielding nascent oxygen, hypochlorous acid is a 
powerful oxidising agent Thus, when shaken with metallic mercury, an in- 
soluble oxychloride, HgO HgCl*, is produced Silver is oxidised similarly to 
silver oxide, AgjO. It oxidises manganous oxide, MnO, into manganese dioxide, 
MnOg, while calcium hypochlonde changes manganese salts into calcium per- 
manganate, Ca(Mu 04)3 

When a solution of hypochlorous acid is treated with certain metallic oxides, 
such as those of uon, copper, or cobalt, the evolution of oxygen becomes quite 
rapid, particularly if the solution be warmed. The metallic oxide m these cases 
acts as a catalytic agent, remaining itself unchanged. 

Since hypochlorous acid is capable of giving rise to chlorine as well as oxygen, 
it acts both as a direct and mdirect oxidising agent 

The Bleaching Action of Hypdchlorous Acid. — Hypochlorous acid is a 
powerful bleaching agent, though there is some difference of opinion about the 
manner in which it acts. These differences will be discussed later, but the 
following points may be noted here : — 

Higgins and others hold that h}rpochlorous acid is a direct bleaching agent, 
owing Its bleaching action to the hberation of nascent oxygen in accordance 
with the equation 

H0Cl=HCl-l-0. 

Higgins {J.S.C 1 , 1912, p. 26) found that hypochlorous acid bleached linen 
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readily. It« action was more rapid than that of chlorine water. But, if the latter 
be Khakcn with calcium carbonate, the bleaching power of the solution is increased 
greatly, owing to the formation of h3rpochloTOua acid Any substance which 
accelerates the evolution of oxygen from h^'poehlorous acid, or its salts, increases 
its bleaching action . while, on the other hand, bodies which decrease the rate of 
evolution of oxygen retard the bleaching action These facts point to the con- 
clusion that hvjiochloTous acid bleaches directly by giving up oxygen The 
direct bleaching action of hypochlorous acid was investigated also by the present 
authors, whose results confirmed those of Higgins 

It IS known that the addition of salt to a solution of h3rpochlorous acid causes 
a temporary stimulation of its bleaching activity. This is explained by Higgins 
[BleachiMf, j) Cl) in the following way The equation 

HOCl-f NaOl ^201-|-NaOH 

is reversible The addition of salt causes the reaction to jiroceed from left 
to right, and the production of nascent chlorine gives a sudden stimulation to 
the bleaching action . but, when a new position of equilibrium is produceil, the 
action ceasc.s The lileachiiig action of the hypochlorous acid is then due to 
oxygen directly produced — 

H0Cl=H('l+0 

Taylor holds a different view He maintains that hypochlorous acid is, of 
itself, a poor bleaching agent, and is only effective under conditions which bring 
about its decomposition with the production of nascent chlorine This may be 
put 111 another way Higgins believes that hvfiochlorous acid blenches because 
it gives up oxygen, and that hypochlorous acid plays a large part in the bleaching 
action of bleaching jiowder ; Taylor insists that hypocliloroiis acid is only a 
feeble bleaching agent, but wh.at action it exerts is always due to the liberation 
of chlorine He says, moreover, that when hypochlorous acid is ])repared by 
jiassiiig chlorine into water containing calcium carbonate, or when cblorine water 
IS shaken with chalk as in the expenments of Higgins, calcium hypochlorite is 
produced The reaction 

2(’a(0H)ij+2Cl2=?:i=0a01g + Ca(OCl)j+2HgO 

IS reversible, heiwe chlorine can be produced 

Taylor’s statement that hypochlorous acid can dissolve calcium carbonate 
ajipears to be based upon the fact that hypochlorous acid prepared by his method 
of distilling bleaching powder with boric acid, when shaken with this substance, 
gives a solution containing some calcium 

But it has been shown by the authors (J B.C I., 1924, 240t) that Taylor's 
hypochlorous acid contains traces of free hydrochloric, acid and chlorine, and 
that the distillate has a pH value of from 3 to 4 When shaken with calcium 
carbonate, it is probable that the hydrochloric acid is neutralised and the chloiine 
is converted into hypochlorous acid, for if the solution be kept for some days 
in contact with calcium carbonate, no more calcium goes into solution More- 
over, the ]iH v.vlue remains constant at 5*5 to 6 On the other hand, hypo- 
chlorous acid solution, if kept alone, acquires an increased power of dissolving 
calcium carbonate, owing to its gradual decomposition into chlorine and hydro- 
chloric acid 

Hypochlorous acid is monobasic, giving rise to salts termed h3ipochlonteB 
Those of the alkali metals, and alkaline earths, are of great commercial import- 
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ance They are generally made by passing chlonne gas into a cold solution 
of the hydroxide of the metal — 

2NaOH I ('I^-NdCl f NaOCl | HgO, 

2Ca(OH)a I 2C la=Ca(1j ] ra(OCl)a+HaO 

If the solution of the hydroxide be heated, the reaction goes further and chlorates 
are formed — 

6Ca(OH)j+6Cla=5CaCag |-Ca(riOs)g+6HaO. 

When h 3 rpochlontes arc made in this way they are accompanied always by 
chlorides, from which they are diflBcult to separate 

A solution containing sodium hyjiochlonte may be made also by treating 
bleaching powder solution with sufficient sodium carbonate to precipitate all the 
calcium, and then filtering ofE the precipitate , or chlorine may be passed into 
a solution of sodium or potassium carbonate, as in the preparation of cau de 
Javclle Sodium hypochloiite is prepared also bj"^ electrolysing a solution of 
salt (p 47 6 ) When a concentrated cold solution of sodium hydroxide is saturated 
with chlorine and evaporated at a low temperature, needle shaped crystals of 
the composition NaOCl hHgO are deposited Crystalline calcium h) 7 ) 0 ( hlorite, 
Ca(OCl )2 'tHgO, free from calcium chloride, can be made in a similar manner 

The Mathieson Allah Co have patented the following method “ Solutions 
of hyyiochloroiis acid prepared by treating water with chlonne, in the presence 
of c akium carbonate, are extracted at a temperature of from 0° to 5° C with an 
oiganic solvent, such as ether, chloroform, tetrachloreth me mixed with a small 
])ro])ortion of alcohol The hypochlorous acid dissolves in the organic solvent 
.ind IS removed The solution is then treated with about four times the quantity 
of calcium hydroxide, containing 1 to 3 per cent of free water, required to react 
completely' with the hypochlorous acid present Water is added to the mixture 
in such quantity that the total free water amounts to from 1 5 to 2 times that 
required to yield the compound Ca( 0 Cl)g 3 H 30 The mass is extracted -with 
watei lud the aqueous solution of calcium hypochlorite obtained is cvapoiated 
in a \acuum ” 

The hypochlorites are soluble in water, but insoluble in organic liquids 
Their aqueous solutions are alkaline in reaction This is due to the fact that 
they are hydrolysed by water Thus 

Ca(OCl)a-l 2HgO^Ca(OH)g+2HOCl 

Hypochlontes are decomposed readily by acids Even such weak acids as 
carbonic or boric acids are able to bberate hypochlorous acid from its salts 
When treated with mineral acids either hypochlorous acid or chlorine is liberated 
according to the proportion used Thus 

Ca(OCl)g+2HCl=2HOCH Cat'lg, 

Ca(OCl)g+4HCl=2Cl*+ 2H20+('a('lg 

Solutions of hypochlorites have a powerful antiseptic action Bleaching 
powclei (chloride of lime) is used extensively as a disinfectant When brought 
into contact with proteins, chloramines are produced, together with sodium 
hydroxide — 

R NHg+NaOCl=RNHCl fNaOH 

Detection and Estimation of Hypochlorous Acid. — Hypochloroua acid 
may be distinguished from a solution of unchanged chlorine by shaking it with 
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excesn of metallic mercury In the presence of hypochlorous acid, a browmsh- 
yellt>w precipitate of oxychloride of mercury is produced of the composition 
HgOHuClg, while, with chlorine water, a white precipitate of mercurous chloride, 
IS formed Hvpochlorous acid and chlorine may be quantitatively esti- 
mated m presence of each other by Taylor’s method (Bleachtng Powder and, its 
Action in Bleaching, p. 1). 

The method depends on the different actions of chlorine and hypochlorous 
acid on a solution of sodium arsenite. The reactions are — 


(1) Aag0a+2Cl*-|-2Hj0=A8j08+4HCl 

(2) Asj 03 -f- 2 H 0 t;i =Asg0s-l-2HCl 

For the same amount of arsenite oxidised, twice as much hydrochloric acid, 
or chloride, is produced in the case of chlorine as in the case of hypochlorous acid. 
A jHirtion of the solution containing the nuxed chlorine and h}rpochlorous acid 
IS added to an excess of decinormal sodium arsenite solution The mixture is 
then made up to a definite volume The unoxidised arsenite is determined by 
titration with decinormal iodine solution and the amount oxidised calculated 
In another jiortion the chlorine is estimated by titration with decinormal silver- 
nitrate solution To titrate the chlonne, Taylor recommends acidifying the 
solution with nitric acid, adding a httle of the silver nitrate, boiling for a minute 
or two, and filtering a portion of the liquid A little more of the silver solution 
IS added drop by drop to the filtered portion, which is then returned to the bulk, 
boded, and filtered again This is continued till the filtcreil portion gives no 
further precipitate with silver nitrate. 

The following alternative process is given by Treadwell {Analytical Chemiktry, 
vol 11 p 655) It 18 based upon the reactions 

HOCl-i-2KI=KCl-l-KOH-l-Ig, 

Cl,+2KI=2KCl-|-l3 

A measured volume of decinormal hydrochloric acid is added to a potassium 
iodide solution. To this, a known volume of the solution to be analysed is added, 
and the liberated iodine is determined by titration with decinormal thiosulphate 
solution The colourless solution is then treated with methyl orange and the 
excess of hydrochloric acid is titrated with decinormal sodium hydroxide. The 
potassium hydroxide, produced by the action of the hypochlorous acid on the 
iodide, requires half as much acid for neutralisation as is required of thiosulphate 
solution to react with the iodine set free by the hypochlorous acid 


Exam pie. 

V c c of the mixture of chlonne and hypochlorous acid voro taken, 
tee of N/10 hydrochloric acid were added 
Ter of N /lO thiosulphate were required by the lodmc liberated 
e.r of N/10 alkali were required to neutralise the excess of acid. 


Then 

and 

Hence 

and 


I— t, c c N/IO acid were required to neutrahse the potassium hydroxide 

2(1 -q) 0 e N/10 thiosulphate were required to react with the iodine formed 
from the hypochlorite. 

(<— q) x0’00C24 ^^grammes HOCl m V o.c of the solution 
T -2(t— q) x0'00366 -grammes (3 in V o c of the solution 


Eau de Javelle. — When chlonne is passed into a cold solution of sodium. 
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or potassium carbonate, the resulting solution contains a mixture of chloride, 
hypochlorite, and hypochlorous acid. When made from potassium carbonate 
the solution is known as “ eau de Javelle,” which is used as a bleaching agent. 
The reaction takes place in two stages. First, chloride and hypochlorite of 
potassium are formed, carbon dioxide being liberated — 

K,C0s+C1,=K0C1+KC1+C08 

The carbon dioxide does not escape at first As long as any normal potassium 
carbonate is present, this is converted by the carbon dioxide into bicarbonate — 

(1) K,CO,+CO,+H,0=2KHO». 

When all of the carbonate is present as bicarbonate the chlorine decomposes 
this, forming hypochlorous acid and liberating carbon dioxide, which now escapes 
Thus, effervescence marks the beginning of this stage — 

KHCOa+Cl*=HO(’l+KCl+C:0* , 
or, if excess of chlorine be used — 

(2) KjCOa+HjO+2CI,=2KCl+2HOCl+COg. 

A solution containing free hypochlorous acid would be comparatively unstable 
Hence, the reaction is stopped as soon as free carbondioxide is liberated, anda little 
normal carbonate is added to make the solution alkaline In a recent German 
patent (306193, 20th October 1916) it is claimed that a bleaching liquor, ready 
for immediate use, can be obtained from sodium carbonate and chlorine, in which 
between one and two molecules of combined chlorine are present for each mole- 
cule of sodium carbonate used, by passing chlorine into a solution of sodium 
carbonate in the quantity necessary to give equation (1) above, or by passing 
in two molecules of chlorine for each molecule of sodium carbonate present, and 
then adding sufficient of the latter to reduce the chlorine content by one-half. 

A somewhat similar bleaching liquor can be made by passing chlorine into 
milk of lime at low temperatures — 

2Ca(0H)j,-f-2Cl*=Ca(0Cl)a+CaCl,-|-2H*0. 

These bleaching solutions are convenient in many ways They can be made 
quite easily in any fairly deep tank provided with a stirring apparatus and a 
lead delivery tube passing to the bottom of the tank and ending in a ring per- 
forated with small holes to distribute the chlorine Or, a small absorption tower 
may be used The chlorine is introduced at the bottom. As it ascends it meets 
a descending stream of water contaimng the alkali. This, on reaching the bottom, 
IS pumjied to the top again and the process continued till sufficient chlorination 
is brought about The following desenption (U S. Pat. 1481106, 16th January 
1924) refers to an apparatus designed by the Mathieson Alkali Works ‘ — 

“ Milk of lime, caustic soda solution, or like alkaline solution is circulated 
from a tank, down through a packed tower, and back into the tank Liquid 
chlorine from a cylinder is passed through coils in the tank, where its evaporation 
cools the hquid The gas is passed up the tower, where it is rapidly absorbed. 
A liquid bleach solution of the required strength is in this way readily obtained 
without the need of external refrigerating apparatus, the evaporating chlorine 
absorbing all the heat evolved in the reaction. It is of advantage to agitate the 
liquid in the tank to facilitate uniform cooling by the coils.” 

Bleaching Powder. — ^This compound is a double chloride and h 3 rpochlorite 

9 « 



434 


BLEAOHIKa AND FINISHING OF COTTON. 


of calcium, having the formula Ca(OCl)Cl It is prepared by saturating slaked 
bme with chlorine gas, when the following reaction occurs • — 

Ca(0H)g+Cl,=Ga(0Cl)Cl+Hs|0. 

The lime is spread on the floors of specially constructed chambers and the 
chlorine led in through an opening at the top under a slight pressure. A glass 
window is provided, through which the progress of the absorption can be ob- 
served. As soon as the yellow colour of the chlorine disappears, more is intro- 
duced, the process being repeated till, after occasional turning over, no more 
gas IS absorbed, this point being indicated by the permanent greenish colour 
of the unabsorbed gas Some fresh lime is then added to absorb this residual 
chlorine, and the powder is then packed in air-tight drums. The operation is 
carried out at as low a temperature as possible, to prevent the formation of 
secondary products such as calcium chlorate, CafClOslg 

ConsMutton of Bleaching Powder — There has been much controversy as to 
the action of chlorine upon lime, and the constitution of the product produced 
The question is still far from settled. 

It was at one time regarded as a mixture of calcium chloride and calcium 
hypochlorite, but this hypothesis is not in accordance with its properties, and 
was soon given up. It is true that its aqueous solution contains both calcium 
chloride and hypochlorite, but these are formed during the process of solution 
Calcium chloride is a very deliquescent body, but bleaching powder is not 
Further, like many other deliquescent compounds, it dissolves readily in alcohol , 
but no calcium chlonde can be extracted from bleachmg powder by this solvent 
Finally, a molecular mixture of calcium chlonde and hypochlontc would be 
much more soluble in water than is bleachmg powder 

Odling proposed the formula CaOCl* According to this view, when the 
powder is treated with water, the following change occurs — 

2Ca(0(’l)Cl=CaCl2-f-CB(0Cl)a 

The chief difficulties in connection with this formula are that it does not explain 
the presence of free lime, which is always found in bleaching powder to the 
extent of 10 to 15 per cent , nor is it qmte in accordance with the fact that no 
calcium chloride can be extracted with alcohol 

Stahlschmidt considers that the formation of bleaching powder is represented 
by the equation 

3Ca(OH)g-f2Cla=2aOCaOH-f-CaCl8-l-2HgO. 

According to this view, it is a mixture of a basic hypochlorite and calcium chloride 
In presence of water the chlonde dissolves, while the basic salt decomposes, 
yielding hypochlorite and free lime 

Attempting to explain the presence of free lime, von Tiesenholt (J SC 1 , 
1901, p. 248) regards bleaching powder as being formed in accordance with the 
equation 

2Ca(0H)8-f2Cla=±=Ca(0Cl)g-|-CaCl82H80 

This reaction he regards as reversible, and hence, never complete in either 
direction Thus free lime would always be present 

Ditz {J.S.C 1 , 1901, p. 247), as the result of experiments on the action of 
dry and moist carbon dioxide on bleaching powder, concludes that the formation 
of bleaching powder is expressed by the equation 

2Ga(0H),-l-Cla=Ca0Ca(0Cl)ClH*0H-H80. 



OHLORIITB AND ITS DBRIVATIVBS. 


436 


This compound, in presence of water, tends to react as follows, producing free 
lime — 

C80Ca(0a)ClHj,0+Hj0=Ca(0H)2+Ca(0a)ClHj0. 

This free lime is now available for the absorption of more chlorine, in accordance 
with the first equation. This explains the necessity for the presence of more 
moisture in the lime than is required to convert it into the hydrate Ca(OH)j, 
the extent to which this second reaction takes place being governed by this 
factor. The final reaction is 

2«Ca(0H)a+(2H-l)Cl,= (2ft-2)Ca(0Cl)C'lHg0+Ca0Ca(0Cl)ClHa0+H,0. 

A sample might therefore be produced of any composition between 
CaOCa(OCl)ClHjO, containing 35-32 per cent, of chlorine, and Ca(OCl)ClHgO, 
containing 48-96 per cent. 

Winteler {J SC 1 , 1903, p. 92) concludes that bleaching powder cannot be 
represented by a simple formula, but is undoubtedly a mixture of bodies, among 
which are basic calcium chloride and hypochlorite. 

Tarugi ( J S C I., 1905, p 25) argues that the formula CaOgCljHaO is in 
accordance with the properties of bleaching powder, pointing out that it quanti- 
tatively converts mercury into mercuric chloride, as shown by the equation 

CaOaCla-t-Hg=CaO*+HgCla. 

He regards the formation of bleaching powder to be due to the presence in slaked 
linio of calcium peroxide, Ca 02 Hj 02 , and suggests the following senes of 
reactions — 

(1) 2Cl2-f-2H*0 =4HCl-h02 

(2) Ca0a.Hg02+2HCl=Ca0jCl2-t-2Hg0 

(3) CaOHgO+Og =CaOaHaOj 

(4) (Ja02Hg02-f2HCl ==CaOgClg+2HgO 

Properties of Bleaching Powder. — Bleaching powder is a white amorphous 
powder which should contain no lumps It has a characteristic chlorine-like 
smell When exposed to air, it absorbs moisture and carbon dioxide, and de- 
teriorates rapidly It should be kept in air-tight drums. Bleaching powder 
contains, always, some unchlonnated lime, which may reach 10 per cent Good 
samples contain from 38 to 39 per cent of chlorine available for bleaching (termed 
available chlorine) The theoretical yield would be 49 per cent , but 43-6 per cent 
IS the most that can be obtained in manufacture Average samples should not 
give less than 35 per cent. When bleaching powder is mixed with water, it tends 
to form a hard cake, unless it is first finely ground and added httle by little, or 
made into a cream with water. When mixed with water it undergoes a mole- 
cular transformation, or rearrangement, forming calcium hypochlorite and 
calcium chloride, which dissolve in the water — 

2Ca(OCl)Cl=Ca(OCl)g4-CaClg. 

At the same time sufficient calcium hydroxide dissolves to saturate the water, 
the remainder settling to the bottom of the vessel, forming a precipitate or sludge. 
This contains, also, any other insoluble impurities of the bleaching powder. 

The calcium hypochlonte then undergoes partial hydrolysis in accordance 
with the equation 

Ca(0Cl)a+2H*0:?i;Ca(0H)g-f2H0Cl. 

The extent of this hydrolysis is small, since the solution is practically saturated 
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with calcium hydroxide. But small quantities of hypochlorous acid are actually 
present 

A further reaction may take place also The reaction 

2Ca(OH)i,+2Cl,^CaClg+Ca(OCl)g+2HgO 

IS also reversible, being governed, chiefly, by the concentration of the solution 
with respect to calcium hydroxide Thus, traces of free chlorine may also be 
present A solution of bleaching powder is, in reality, rather complex It 
contains — 

1. Calcium hypochlonte. 

2. Calcium chloride 

3 Calcium hydroxide 

4 llyjKx hlorous acid formed by hydrolysis 

5 Possibly free chlorine 

6 Other soluble impurities. 

Among the last named may be calcium chlorate, and calcium permanganate. 
The former would be present, as explained above, if the temperature were allowed 
to rise too much during chlorination of the lime — 

6Ca(0H)a+6Clg=5CaCls+Ca(C10s)j+6H20. 


Calcium permanganate, Ca(Mn 04 )j, is formed if manganese be present as an 
impurity in the powder Aqueous solutions of bleaching powder frequently 
develop a pink colour on keeping. This is due to the formation of calqium 
permanganate 

An aqueous solution of bleaching powder is alkaline in reaction. If a 4i op- 
pored bottle be filled with a freshly prepared solution of bleaching powdoi.', a 
piece of wet litmus-paper immersed in the solution, and the stopper replaced , it 
will be noted that very little bleachmg action is developed But if the pa per 
be taken out and exposed to air, or if a httle acid be added to the soluti on, 
or carbon dioxide passed in, the paper becomes bleached very quickly Ijhe 
solution of bleaching powder does not bleach of itself Its bleaching actifc^m 
requires to be developed. 

The cotton bleacher uses the carbon dioxide of the atmosphere for this piirposf 3 . 


Exactly how this atmospheric carbon dioxide acts is uncertain This w 
discussed fully later But certain facts are beyond dhspiite 

Tlic first action of carbon dioxide on bleaching-powder solution wou N-*' ^ 
to neutralise some of the dissolved calcium hydroxide — • 

Ca(0H)*+C0*=CaC0,+H,0. c 

If the dissolved calcium hydroxide were neutralised, the calcium hypochloi 
would be next decomposed and hypochlorous acid liberated — 1 . 


Ca{OCl)*-)-COg-fHgO=CaCO,-f2HOCl. 


In either case calcium carbonate is formed and the natural development of t he 
bleaching action of bleaching-powder solution is always accompanied by t he 
precipitation of this body, either on the goods, or the sides and bottom of t''%e 
container 


Now. a bleaching-powder solution remains alkaline throughout Hence, t*^ h« 
whole of the calcium hydroxide cannot be removed, and it follows that calcii‘^\ii 
hypochlonte cannot be decomposed, because the calcium hydroxide would ta ki 
up the carbon dioxide first. Thus, the mere reduction of the amount of calciu n 
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hydroxide present in the solution, without neutralising it completely, is suffi- 
cient. In fact, mere traces of carbon dioxide are able to develop the bleaching 
action. 

Probably the explanation is to be found m the hydrolysis into calcium 
hydroxide and hypochlorous acid. This hydrolysis only proceeds to a limited 
extent, being inhibited as soon as a certain amount of lime is formed, equihbrium 
being set up. Now very little carbon dioxide is sufficient to destroy this state 
of equilibrium and encourage further hydrolysis with the liberation of more 
hypochlorous acid. This also explains the practice of adding lime water to 
retard the bleaching activity of a bleachmg-powder solution. The production 
of calcium carbonate is sufficiently evident in the scale which is formed in the 
apparatus and pipes in the bleaching process. It will be noted that, according ' 
to this view, the bleaching action of bleaching powder is due to hypochlorous 
acid, at any rate when only himted quantities of acid are present. 

This raises the question referred to on p. 429 as to the bleaching power of 
hypochlorous acid m comparison with that of chlorine. There has been much 
discussion as to whether bleaching powder owes its action to the development of 
hypochlorous acid or chlorine, or to both. 

Taylor ( J S G.1 , 1910, pp 693, 1302) claimed that, when the bleaching 
action IS developed by means of atmospheric carbon dioxide, the active bleaching 
agent is always chlorine, hypochlorous acid being only produced by excess of 
carbonic acid, which acts just like any other acid. It has been stated already 
that excess is never present. 

According to Taylor, air free from carbon dioxide is without action on bleach- 
ing powder, merely driving out any chlorine or hypochlorous acid that it may 
contain, the hypochlorous acid being formed by hydrolysis. If moist air con- 
taining carbon dioxide is passed over bleaching powder only chlorine is obtained. 
If the air be dry this action only proceeds as long as the powder contains moisture, 
becoming gradually slower as this is expelled But with both dry and moist 
carbon dioxide only chlorine is produced so long as the carbon dioxide is not 
present in large excess 

Taylor explains the action of ordinary moist air on bleaching powder as 
follows The carbon dioxide umtes with the free lime, and, as this gradually 
diminishes, the reversible equation 

2Ca(OH)8-)-2Clg=^aCas+Ca(Oai)j+2HgO 

proceeds from right to left. The action of a stream of carbon dioxide is diflerent. 
Taylor showed that it can liberate a sensible amount of hydrochloric aud from 
calcium chloride, in fact that the equation 

Ca 003 -l- 2 HCl^CaCl,-|-H,C 03 

18 reversible. If well washed carbon dioxide be bubbled through distilled water ' 
containing methyl orange, there is a distinct alteration of colour, although the 
mixture does not turn red. If, however, calcium chloride be present, a distinct 
acid reaction is produced. It has been objected that the effect of carbon dioxide 
on methyl orange, in the presence of calcium chloride, is due probably to mcreased 
ionisation of the carbomc acid and not to hberation of hydrochloric acid. 

The authors have repeated the experiment, using a “ universal indicator.” 
They found that the pH value indicate was exactly the same when a stream of 
carbon dioxide was passed through distilled water, both with and without calcium 
chlonde. In both oases the same increase in acid reaction was observed. 

But, assuming that Taylor’s view is correct, even a very small quantity of 
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hydrochloric acid would be sufficient to explain the action of carbon dioxide on 
bleaching powder, as shown by the following equations — 

CaClj+H,COa=CaCO,+2HCl, 

Ca(0Cl)a+H,C0j=CaC084-2HC'10, 

2HC1+2HC10=2H20+Clg. 

When this cycle has been completed and the chlorine is removed the carbonic 
acid acts again as before until the bleaching powder is almost entirely decom- 
posed 

With a solution of bleaching powder the quantity of hypochlorous acid driven 
out by carbon dioxide-free air is greater than in the case of powder This agrees 
with the view that it is produced by hydrolysis. The liberation of chlonne 
depends upon the reversibility of the reaction 

20a(OH)g-(-2Clij=s:i:CaClg-|-Ca(OCl)g-f2HgO. 

The presence of calcium chlonde in bleaching jiowder is ex]>lained by the action 
of moisture 

This cxnulitiou of equilibrium depends ujam the presence of free brae which, 
according to Taylor, is always present in bleaching powder Whenever this is 
removed or diminished, as by the action of carbon dioxide, the reaction proceeds 
in the reverse direction till equilibrium is again established Thus it must be 
ohloriiio and not hyjiochlorous acid which is the active bleaching agent In 
suiqiort of his theory, Taylor jiroved that the addition of calcium chloride, or 
sodium chloride, to a solution of bleaching powder caused an immediate increase 
111 Its bleaching activity This can only be because it destroys the equilibrium 
of the equation 

2Ca(OH)g+2t’ls=?=Ca(OCl)s.d OaClij f 2HsO, 

and thus causes the liberation of chlorine This reversion is more marked when 
some of the calcium hydroxide has been removed from the solution 

Von Tiesenholt sugge.stcd another view. Although he agrees that the re- 
versibility of the equation given above causes the liberation of chlorine, he 
considers that hyjiochlorous acid is liberated, also, by the action of atniosjiheric 
carbon dioxide This then reacts with calcium chlonde with the liberation of 
chlorine Thus 

Ca(0(’l)*-|-Hj(J()3-t'.aOO,-f2HOCl, 

C.iCl2-|-2H()Cl=('a (OH )* 4 < 'Ig 

Higgins (.7 S.V 1 , 1911, p. 485) showed that when calcium chlonde is .added 
to lime water the rate at which it attracts carbon dioxide from the air is increased 
He thought that tins fact probably accounts for the increase m bleaching activity 
observed bv Tavlor, when calcium chloride is added to bleachmg-powder solution 
Equivalent quantities of calcium and sodium chlorides have exactly the same 
effect He gives the following equations as representing the action of carbon 
dioxide on bleaching powder — 

(1) Ca(0Cl)3 f C 02 -fHs, 0 =CaC 03 -f 2 HO()l 

(2) 2HO(’14 0af’l34-CO*-:r^CaCO34-2C^4-H3O. 

The reaction of equ.itioii (2) is reversible, and this accounts for Taylor’s results 
In bleaching wuth bleaehmg-jiowder solution, according to Iliggins, hypochlorous 
acid enters into the bleaching action, and as much nascent chlonne as is supplied 
by equation (2), the carbon dioxide being obtained from the air 
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There are thus two distinct chemical theories of the action of carbon dioxide 
on bleaching powder. The discussion was then directed towards the relative 
bleaching powers of hypochlorous acid and chlorine. 

Higgins, as noted above, observed that free chlorine had little bleaching 
effect on the colouring matters of Imen compared with hypochlorous acid. 
According to his views {JJS.C.L, 1912, p. 26), hypochlorites bleach because of 
the readiness with which they give up nascent oxygen Bodies which accelerate 
the evolution of oxygen from hypochlorites (or peroxides) increase the bleaching 
power of the solution, while, on the contrary, an}rthing which decreases the rate 
of evolution of oxygen delays the bleaching action. These facts point to the 
conclusion that the action of hypochlorites in bleaching is identical with their 
action on exposure to air or in contact with a catalytic agent, such as copper 
oxide. The action of metallic oxides on hypochlorites is quite analogous to 
that on chlorates. Thus, bleaching-powder solution oxidises manganese salts to 
permanganates, with chromic oxide it gives a mixture of oxygen and chlorine, 
while a chromate remains in solution He showed further {J.SC.I., 1912, 
p 486 , 1913, p. 350) that the stmmlating action of chlorides is only immediate 
and of short duration, arguing that it cannot, therefore, depend upon the 
reversion, 

NaOCl+NaCl+HjO^'iNaOH+Clg, 

for the following reasons (1) Sodium fluoride or calcium chloride have the same 
efl^cct on sodium hypochlorite as sodium chloride , (2) if the action were due to 
the reversion of the above equation there should be a steady hberation of chlorine 
as long as any sodium hyiiochlonte remained ; (3) the equation gives no ex- 
planation of the fact that chlorides stimulate the action of both hypochlorous 
acid and chlorine water 

If sodium chloride, calcium chloride, or hydrochloric acid be added to chlorine 
water, the colour and smell of free chlonne are greatly increased. It has been 
shown that chlorine is le.ss soluble in a solution of salt than in water. Hence, 
salts which lower the solubility of chlorine also stimulate bleaching. Higgins 
suggests that the action, is explained by the following equations .— 

(1) HjjO+Cl, ^HOCl+HCl 

(2) NaOH+djs^siiiHOCl+NaCl. 

On adding hvdrochlonc acid to chlorine water, reaction (1) is driven from right 
to left, free chlonne being hberated till equilibrium is estabhsbed, while addition 
of salt gives equation (2) a stimulus in the same direction till eiiuilibrium is 
again established The chlorine produced is nascent, and in this state has a 
bleaching action which free chlorine does not possess 

With hypochlorite solutions the reactions are quite similar — 

(1) Ca(OCl)a-f2HgO^?iCa(OH)*-|-2HOCl 

(2) OaCla-|-2HOCl ^Ca(OH)g-f2Cl8. 

The extent of the reaction is determined by the free calcium hydroxide This 
effect is initial only, and independent of the mam action of hypochlorous acid, 
which is due to oxygen — 

H0Cl=HCl+0. 

Confirmation of the view, that the chief action is due to the liberation of oxygen 
from hypochlorous acid, was found by Higgins in the fact that he was able to 
show (J.S.C /., 1913, p 1064) that m the case of weak solutions, at any rate, 
the reaction is ummolecular, as is the decomposition of hydrogen peroxide, or 
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bleaching-powder solution under the influence of u catal 3 rtic agent which causes 
the evolution of oxygen. 

Further experiments may also be referred to Higgins (/ S.O.I., 1913, 
p 1153) IS of opinion that excess of boric acid liberates hypochlorous acid from 
bleaching-powder solutions. Such a solution has, he found, energetic bleachmg 
action. Excess of hydrochloric acid gives free chlorine and weak bleaching 
properties. But if c^cium carbonate be added to the solution, hjrpochlorous 
acid IS regenerated and the bleaching power restored Even in the presence of 
alkali there is still some free h}rpochlorou8 acid present He agrees that in 
bleaching, hydrochloric acid gradually accumulates and reacts with the hy 2 JO- 
chlorouH acid, giving chlorine — 

H0Cl+HCl:5:iHj0-t-201. 

This action is reversible, the reverse direction representing the behaviour of 
chlorine water, and in each case, when equilibrium occurs, bleaching ceases 
{J.S C /., 1914, p 1152) When a hyjiochloritc is used for bleaching, the hydro- 
chloric acid produced is used m liberating more hypochlorous acid The removal 
of free hydrochloric acid from either chlorine water or h 3 q)ochlorons acid by 
addition of calcium carbonate has been shown experimentally to accelerate the 
bleaching action 

Taylor’s observation (J.S.C 1 , 1914, p 308), that there is always a certain 
amount of residual colour in cotton treated with hypochlorous acid or chlorine 
water, is explained by this state of eqnihbrium; when calcium carbonate is 
added, the cotton is completely bleached The colouring matters of brown 
linen and ot boiled cotton are at once partially bleached on immersion in chlorine 
water, but jtrolonged treatment has very little further effect The action of 
bleaching-powder solutions on cotton dy^ with direct and basic dyestuffs has 
been examined , in a number of cases the solutions to which hvdrochloric acid 
was added caused a change of colour, whilst when bone acid was added no such 
change was observed In the majority of cases the solutions containing hydro- 
chloric acid had the more bleaching action , with alizarin sapphirole, however, 
the reverse was the case 

The views of Higgins are summerl up as follows in Vol II of Annual Reports 
»n Applied Chevmfry, p 163 — 

It seems to be established that the bleaching action of hypochlorous acid is 
due to (1) the direct production of na.scent oxygen from hyjiochlorites, and (2) 
the jirwluction of nascent chlorine by the action of the hypochlorous acid on 
chlornlcs 

But Taylor {J. Sue. Dyris and Cal , 1922, p. 93) still maintains that the active 
bleaching jirojiertics generally attributed to hypochlorous acid are, for the mo.st 
part, imaginary, and are not characteristic of the pure substance itself In 
sujiport of this view he records the following experiments — 

Comparative experiments with solutions of chlorine and hypochlorous acid, 
of the same oxidising strength and vanous colouring matters, have shown that 
in all cases the chlorine attacked the colouring matter more rapidly than hypo- 
chlorous acid The stimulation of the action of hjrpochlorous acid observed on 
the addition of hydrochlonc acid is due to the liberation of chlorine But other 
acids, such as sulphuric, mtric, phosphonc, and acetic, stimulate the action, 
though to a much less marked degree A solution of hypochlorous acid in water 
IS only very slightly ionised The stimulating efiect of acids, other than hydro- 
chloric acid, IS probably due to increase in hydrogen ions 

When calico dyed with indigo or turkey red is placed in moderately strong 
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solutions of chlonne and hypochloious acid of the same oxidising power, the 
bleaching is at once seen to proceed more rapidly in the chlorine water, but 
later the hypochlorous acid b^omes more active, and may ultimately catch up 
with the chlonne water. Taylor explains this as being due to the equations 

(1) HCIO =HCl+0 

(2) HC10+HC!l=H20+2a 


That is, the subsequent acceleration is really due to chlonne. 

The bleaching action of dilute chlorine water is also stimulated by the addition 
of liydrochlonc acid This is intelligible, for the action of chlorine on water is 
twofold, VIZ (1) solution of chlonne, and (2) decomposition into hypochlorous 
acid in accordance with the reversible equation 


HaO+Clj^HOCl+HCl. 


The addition of hydrochloric acid would tend to make the reaction proceed from 
nght to left of the equation, and the addition of just the nght amount of acid 
ought to produce a mixture which would behave exactly like dilute chlorine 
water Taylor found that if a solution of N/5(X) hypochlorous acid be mixed 
with half its volume of N/500 hydrochloric acid, the bleaching action of the 
resulting mixture appears to be absolutely identical with N/500 chlorine water 
mixed with half its volume of water. It should be noted that a normal solution 
of hyjiochlorous acid, if measured by its oxidising power only, would contain 


— % e 26-25 grammes per litre, so that a given volume of N/500 hydrochloric 


acid would contain twice as many molecules as the same volume of N/500 hyjio- 
chlorous acid Consequently, if the two dilute acids were mixed in equal volumes, 
the resulting mixture would not behave like chlorine water, but like chlorine 
water to which some hydrochloric acid has been added. 

The conclusions of Higgins as to the greater bleaching action of hypochlorous 
acid arc vitiated, according to Taylor, by the fact tJiat hypochlorous acid 
can only be obtained from a mixture of bleaching powder and boric acid 
by his process of distillation A mixture of the two always contains, not only 
free chlorine, but unaltered calcium hypochlorite. He maintains that if hypo- 
chlorous acid were distilled off, Higgins’ results and his would point to the same 
conclusion, namely, that, considered simply as a bleaching agent, chlorine is 
more active than hypochlorous acid. 

Some interesting re.sults of the action of chlorine water on litmus are also 
recorded by Taylor (he cU ) When 40 to 50 c.c. of very dilute chlorine water, 
eg N/KKK) to N/2(XK), are added to a few cubic centimetres of fresh litmus 
solution, the liquid becomes, at once, bnght red in colour, but in a few seconds 
changes to purple, and then, if sufficient chlonne water be added, slowly dis- 
appears The bright red colour is due to the hydrochlonc acid , hypochlorous 
acid has very little, if any, reddening effect on litmus Hence the change from 
the acid bnght red colour back to the purple must be accompanied by the dis- 
appearance of hydrochloric acid. 

Taylor suggests that the free chlonne present is immediately used up in 
bleaching some of the htmus. This enables the reaction 


HjO-f Clj ^HOCl-f HCl 

to be reversed with the jiroduction of more free chlorine If this be correct, an 
important deduction follows, namely, that the view that chlorine bleaches by 
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decomposing water and liberating oxygen cannot be correct In the case of 
litmus, at any rate, chlorine acts directly upon the colouring matter 

In connection with the relative bleaching powers of hypochlorous acid and 
chlorine some experiments made by the authors {J SC 1 , 1923, 2t) may be 
quoted 

Boiled cotton (100 grammes) was bleached with (1) hypochlorous acid, (2) 
bleaching powder solution acidified with bone acid, (3) bleaching powder solution 
exposed to (ur, (4) bleaching powder solution acidified with hydrochloric acid 
Hypoi hlorous acid was prepared by passing chlonne gas into water containing 
chalk 111 suspension, the solution being kept in contact with chalk till used 
The strengths of the solutions were luljusted to 1 gramme of available chlorine 
per litre, and the same volume of liquor was used throughout 


<s 



lie 148 a 

'Jh( Kilt oj ahsuijilioii of chlorine wis found to be most rapid in the case of 
bio i< lung powder acidiiiccl with h>ctrochlorK acid, and slowest with bleaching 
powdci scilutiou and air The lates of absorption for h}pochlorous acid and 
bleaching powder solution acidified with boric acid were identical and inter 
mediate between the other two 

In every case there is a comparatively rapid initial absorption, which gradually 
becomes slower and more regular This is shown in fig 148a which gives the 
rate of absorption of chlorine in terms of N/lOO thiosulphate In the case of 
bleaching powder solution and air the stimulating efiect of adding calcium 
chloride is also indu itcd An immediate absorption of chlorine is caused, but 
the rate quickly falls again 

The rale of appaient bhaehvng always follows in the same order as the rate 
of absorption of chlorine When boil^ cotton is put into hypochlorous acid 
solution there is an immediate bleaching action The cotton appears to be 
bleached in about fifteen minutes at the poiut m the curve where the rate of 
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absorption changes, but the last traces of colouring matters require some time 
to remove. The action of bleaching powder acidified with hydrochlonc acid 
is similar but much more rapid, while that of bleaching powder exposed to air 
IS slow and regular. Stimulation with calcium chlonde or acid increases both 
the rate of absorption and the bleachmg effect. The addition of hydrochlonc 
acid to hypochlurous acid gives exactly the same effect. 

Bistenpart (J. T&A. Inst , 1924, T 157) states that the addition of acid to a 
bleaching-powder solution accelerates the rate of bleaching only till aU the 
hypochlorite is decomposed into hypochlorous acid, %.e in accordance with the 
equation 

Ca(OCl)g+2HCT=CaCla+2HOCl. 

Further addition of acid only causes hberation of chlorine, which has not the 
bleaching power of free hypochlorous acid 

The Action of Acids on Bleaching Powder. — Taylor and Bostock (J S.C.I., 
1912, p 228) investigated the action of various acids on bleaching powder In 
making the expenments 10 grammes of bleaching powder were rubbed with 
water and then the desired volume of acid was added slowly from a burette, the 
mixture being shaken continually to ensure equal distnbution. The whole of 
the mixture was then distilled from a flask of about 1 litre capacity, the vapours 
being passed through a small condenser A few drops of the distillate were re- 
jected and then 20 c c collected The proportions of chlorine and hypochlorous 
acid were determined in 10 c c of the distillate by the sodium arsenite method 
already described. The results of these experiments showed 

1 When bleaching powder, mixed with thirty times its weight of water, is 
distilled with sulphuric, hydrochloric, or mtne acid in quantity slightly greater 
than IS required to neutralise the free lime present, hypochlorous acid mixed 
with a small quantity of free chlorine is evolved When the acid is m sufficient 
quantity to neutralise all the free lime and to decompose the whole of the hypo- 
chlorite theoretically present, the proportion of free chlorine is considerably 
greater When the amount of acid is further increased, the hypochlorous acid 
jiroduced dinuuishes rapidly, and very soon nothing but chlorine is evolved 
There is not a great difference in the action of the three acids named 

2 Acetic and phosphoric acids behave much abke, but they differ consider- 
ably, as would be anticipated, from the three acids above mentioned. Even 
with comparatively large amounts of these acids the proportion of hypochlorous 
acid evolved does not fall much below 5() jicr cent 

3 When bleaching powder is distilled with boric acid and a siilhcicnt amount 
oi water, almost pure hypochlorous acid is produced, and there is very little 
difference in the result if the bone acid used is as much as three times the weight 
of the bleaching powder This is recommended as a convenient method of 
preparing a solution of hjrpochlorous acid 

4 When carbon dioxide is bubbled through a mixture of bleaching powder 
and water at different temperatures, whilst at the ordinary temperature nothing 
but chlorine is evolved, as soon as the hqmd becomes warm, hypochlorous acid 
begins to come off. The proportion of hypochlorous acid increases as the tem- 
perature rises, and when the liquid boils it is practically pure, hardly any free 
chlorine being evolved. It is suggested that this is strong evidence in favour 
of Taylor’s view that the action of carbonic acid on bleaching powder at the 
ordinary temperature is like that of other acids. 

5. When boric acid is added to a solution of bleaching powder and air free 
from carbon dioxide is jiassed through at the ordinary temperature, a mixture 
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of chlorme and hypochlorous acid is swept out, containing a considerable excess 
of the former The boric acid simply unites with the free hme, and this allows 
the reverse action to proceed, free chlorme being produced If any other acid 
be added to a solution of bleaching powder m quantity ]ust sufficient to 
neutralise the free lime the passing of air free from carbon dioxide through 
the solution gives a similar result 

It IS evident that when a mineral acid is added to a solution of bleaching 
jjowder m sufficient quantity to just neutralise the free lime present, the con- 
dition nctessary for the hberation of hjrpochlorous acid by hydrolysis is estab- 
hshed, and if the acid be very cautiously increased to neutralise the calcium 
h> drate as it is produced, only hypochlorous acid is formed in accordance with 
the equation 

Ca(OCl)i-f2HjO=:Ca(OH)i+2HOCl 
Further addition of acid causes the calcium hypochlorite to be decomposed— 
Ca(OCl)2+2H01=OaOl2-|-2HO(’l 

As soon as .my excess of acid is present above that required to decompose the 
h\pochloritc it icacts nith the hypochlorous acid present, giving chloiine — 

HCH H0C1=H80-1-Cl8 

'With excess of suljihuTic acid the reactions would be 

('a(0('l)^ 1-Ca(% 1 2 HjS 04 - 2 ('aS 04 -H 2 HCH 2H0t'l, 

21R’l-f 2H0CI -2lIjO-f2Cl2 

Acids arc used in ble.ichuig for this puijiose, namely, to accelerate the bleaching 
action, althougli, as a rule, the bleacher rehes upon atmospheric c.wbon dioxide 

In this connection the action of soebum bicarbonate is interesting Higgins 
{J »Soc Difd s and Col , 1’112, p 30) noted that wlien sodium hic.irbonate is added 
to a solution of calcium chloride, calnum hydrogen c.wbonate, ('ri(H( Oj)^, is first 
produc ed This decomiioses, giving ofl c arbon dioxide and precipitating c alcium 
carbonate — 

(\i('l 2 -f 2 NaHr{),- 2 NaCl-f(\i(Hr 03 )g, 

Ca(HC0,)2=<-0i ^(\vC 03 ^ HjO 

If bleaching powder be used instead of calcium chloride, the carbon dioxide 
comlmies with the free calcium hydroxide in the solution, precipitating it as 
calciuni ( irhoii.itc This, by allowing hydrolysis to take place, gives an active 
bleat lung liqiioi 

In Mac llwaine’s jirocess ( J SCI, iqi5, p 75) tlie s.mic prim iple is involved 
The niiiternl to he bic.iihed is imj)regn.ited with a solution ot sodium bicarbonate 
and then with the hypochlonte bleaching liquor, or the order of impregnation 
may be reversed Impregnation may be assisted by mechanical pressure It 
IS c laimed th.vt the active bleaching agent is liberated in the body of the fibre 

Acids are generally used for another purpose The action of carbon dioxide 
gives rise to insoluble calcium carbonate, which remains deposited on the goods 
This, if left, causes a harsh feel Being insoluble m water, it must he removed 
by means of an acid bath or sour This produces a soluble calcium salt capable 
of lieiiig removed by washing In this respect it is important to remember that 
calc lum chloride is more soluble in water than calcium sulph.ite, and that where 
harshness has to he sjieci.illy guaided against, hydrochloric acid should be 
employed 

The Action of Alkalis of Keaching-powder Solution.— Alkahs have an 
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effect on bleaching-powder eolntions exactly opposite to that of acids If lime 
water bo adde<l, the equilibrium of the equation 

Ca(OCI)g+2Hj,O^Ca(OH)a+2HOCl 

is destroyed, the increase in the constituent which determines stability causing 
the reaction to proceed in the reverse direction, and thus inhibiting the bleaching 
action. If we take the equation 

2Ca(OH)j+2Cla;^CaClj+Ca(OCl)8+2HBO 
the result would be the same 

Other alkabs, such as sodium hydroxide or carbonate, act in the same way. 
Just as acids may be used to accelerate or develop the bleaching action, so also 
alkalis may be employed to retard or inhibit it. 

In general, anything which increases the alkalinity retards bleaching, while 
diminution of alkalinity accelerates it. 

All interesting illustration of this is found in the action of a solution of mag- 
nesium sulphate This reacts with the calcium hydroxide forming magnesium 
hydroxide, which is insoluble m water— 

Ca( 0 H)a+MgS 04 =Mg( 0 H) 2 +CaS 04 . 

The addition, therefore, of this salt reduces the alkalinity and accelerates 
bleaching 

The Action of Metals and their Oxides on Solution of Bleaching Powder. 

— Many metals or their oxides act as catalytic agents when placed in a solution 
of bleaching powder, causing rapid decomposition Dobbin and White (J.8 C /., 
1903, p 134) found that the metals could be divided into two classes 

Certain metals, including iron, nickel, copper, cobalt, and, to a less extent, 
tin, are attacked rapidly by bleaching-powder solution at ordinary temperatures, 
with formation of their hydrated oxides and liberation of oxygen. When the 
oxide has been formed the decomposition may go on indefinitely. Other metals, 
including magnesium and aluminium, on the contrary, liberate hydrogen and are 
changed into hydroxides 

Higgins (J SGI., 1911, p 1296) gives the following details Copper hy- 
droxide, added to a solution of bleaching powder, causes efiervescence, due to the 
liberation of oxygen Finely divided copper does not give immediate evolution 
of oxygen, but it soon becomes coated with copper oxide and then the oxygen 
IS liberated, thus proving that it is the oxide and not the metal which acts as 
the catalytic agent. Copper soaps act in the same way, oxides being the first 
product of their decomposition. Zinc dust liberates hydrogen till it is all con- 
verted into zinc hydroxide, ZnlOHlj, when the action ceases. Precipitated 
zinc hydroxide has no action Zinc salts added to a bleaching liquor act like 
magnesium sulphate, since zinc hydroxide is insoluble, that is, they give a more 
active liquor. In the case of brass the zinc constituent, therefore, has no dele- 
terious action 

These facts not only have an important bearing on the storing of bleaching 
powder and its solutions, but indicate strongly the necessity for avoiding the 
presence of metallic particles m the bleaching tanks or on the goods. When 
cotton is brought into contact with iron during bleaching, this reaction at once 
takes place, and nascent oxygen is bberated. This either directly attacks the 
cellulose, forming oxycellulose, or first forms chlorate, which in its turn reacts 
in the same way on the cotton The result is always tendering and subsequent 
weak spots or holes. It may, however, be noted that iron quickly becomes 
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coated with calcium carbonate in contact with bleaching-powder solutions, so 
that the use of iron apparatus is not absolutely impossible, as is the case with 
sodium hypochlorite. 

Not only do metals act in this way, but the same results are produced by 
the oxides themselves. When a bleaching-powder solution is boiled with a 
little freshly made cobalt oxide, oxygen is rapidly liberated, the oxide playing 
the part of a catalytic agent or oxygen earner It is first oxidised at the expense 
of the bleaching powder into the trioxide CogOg This compound then gives up 
part of the oxygen, reproducing the monoxide, which again goes through the 
same cycle of changes These reactions are shown in the equations 

Ca(OCl)Cl+2CoO=CogOs+CaCLs, 

2Cog03=4Co0+0g 

The same result may be obtained by passing chlonnc through hot milk of lime 
containing cobalt oxide in suspension Iron and other oxides act in an exactly 
similar manner, and iron oxide constitutes a very real danger in bleaching 
Goods that are iron-spotted before chemickmg are generally over-bleached, owing 
to this catalytic action of iron oxide This impurity must be particularly 
avoided in both the powder and the goods Higgins {J.SOI., 1911, p 189) 
has recorded an interesting case of local over-bleaching and tendering (due to 
oxycellulose) caused by spots of copper oxide, which owed their presence to the 
use of an acid lubricating oil This had dissolved copper from the brass parts 
of the loom When the goods were boiled, copper soap and ultimately copper 
oxide were produced The latter compound acting as a catalytic agent, m the 
manner dosenbed above, had caused the production of oxycellulose m the chcmic 
Iron oxide is sometimes held to he accountable also for the pinkish colour which 
IS developed by bleaching-powder aolution.s, though, as noted above, it is probably 
due to manganese. 

Antichlors. — When it is necessary to ensure absolute freedom from chlonne 
in bleached goods they are treated with a dilute solution of sodium thiosulphate, 
Na^SgOj, and washed Bleaching powder gives up its chlorine to .sodium thio- 
suljihate, forming sodium hvdrogen sulphate and hydrochloric acid — 

Na3Sg03-f4Cla+5H30=2NaH804+8HCl 

A solution of sodium bisulphite or sulphite may be used in the same way — 

2NuHS03-f2Cl3-l-2H30=Na8S04-f4HCl+H3804, 

NagS() 3 +Cl 3 +H 30 =Na 3 S 04 + 2 HCl 

Valuation of Bleaching Powder. — ^The value of a sample of bleaching 
powder is measured by the percentage of “ available ” chlorine it contains By 
available clilorinc is meant the chlorine capable of being hberated by an acid, 
t e available for bleaching Its mea.snrement is based upon the power which 
chlonne has of liberating iodine from a solution of potassium iodide, in accord- 
ance with the reaction 

2KI-fa3=2KCl-l-l2. 

This liberated iodine is then estimated by means of a standard thiosulphate 
solution, and from the quantity of iodine found the equivalent of chlonne is 
calculated, and thus the percentage obtainable from the bleaching powder. 
Good samples of bleaching powder contain 38 per cent, of available chlorine 
The following are the details of the method generally used ; — 

About 10 grammes of the powder are weighed and mixed with water in a 



CHLORINE AND ITS DERIVATIVES. 


447 


moitar till a thin cieam is produced. After allowing the mixture to stand for 
a few minutes, the hquid is decanted off into a litre flask, so as to leave the 
undissolved residue in the mortar. This is ground again with water and de- 
canted, the process being repeated till the whole of the powder has been trans- 
ferred to the flask. The solution is then made up to 1 htre with water and 
thoroughly mixed After shaking, and before the sediment has time to settle, 
25 c.c are withdrawn with a pipette and placed in a stoppered bottle About 
1 gramme of solid potassium iodide is then added, and a slight excess of dilute 
sulphuric acid. This hberates the chlorine, which, in its turn, decomposes the 
potassium iodide, setting free its equivalent of iodine, as shown in the above 
equation. A burette is now filled with decmormal sodium thiosulphate solution, 
which IS now run in, replacmg the stopper and shaking the bottle after each 
addition, till the mixture lias a faint yellow colour. A drop of starch solution 
IS then added and the addition of the thiosulphate solution continued till the 
blue colour of the iodide of starch is discharged This will take place when the 
whole of the iodine has been converted into sodium iodide, in accordance with 
the equation 

2NaaS20s-t-l2=2NaI-fNagS406. 

Each cubic centimetre of thiosulphate solution used corresponds to 0 00355 
gramme of chlorine, and hence the value of the bleaching powder can be 
calculated 

Decmormal sodium thiosulphate solution is prepared by dissolving 24-8 
grammes of pure recrystallised thiosulphate in distilled water, and making the 
solution up to 1 litre 

The starch solution mav be made by pouring a cream, made by mixing 1 
gramme of soluble starch with water, into 100 c c of boiling water 

Instead of sodium thio.sulphate a decmormal solution of arsemous acid may 
be employed. This body is oxidised by chlonne into arsenic acid m accordance 
with the equation 

2Ca(0Cl)Cl+Aa203=Asa06-f2CaCl2 

The arsemous acid is run in from a burette until a drop of the solution removed 
with a glass rod no longer turns iodised starch-paper blue This paper is made 
by dissolving a little potassium iodide in starch solution, and dipping a strip of 
filter-paper into the solution and drying it If a decinomial solution of arsemous 
acid be used, each cubic centimetre used corresponds to 0'(X)355 gramme of 
chlonne. 

The arsenious acid solution is prepared in the following manner Exactly 
4-95 grammes of pure arsenious oxide are placed in a litre flask with 25 grammes 
of crystalline sodium carbonate and about 200 c c of distilled water The 
mixture is boiled gently with shaking until solution is complete, after which it 
is cooled and made up to a litre with water The titration can be simphfied by 
using indigo sulphate or indigo carmine as an indicator, this body being readily 
decolorised by chlorine In this case, however, the operation is reversed A 
measured quantity, say 25 c c of the arsenious acid solution, together with a 
little hydrochloric acid, are placed in a flask, together with a drop of indigo 
solution. The bleach liquor is now run in from a burette with shaking till the 
colour is just discharged, or a yellowish tint obtained. 

Among other methods of testing bleaching powder, the following may be 
moted : l)ienert and Wandenbulcke (J. Text Inst., 1923, T75) titrate with 
\rsenious oxide solution in the presence of ammonium sulphate, which prevents 
\e formation of iodate. One c.c. of the aqueous solution of the bleaching 
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powder is diluted to a litre, 2 grammes of ammonium sulphate added, followed, 
after shaking the mixture, by a few crystals of potassium iodide and a little 
starch solution The libenited iodine is then titrated with an alkaline standard 
solution of arsenious oxide, 1 e.c of which is equivalent to 1 mgm. of available 
chlorine. 

Kerte.sz (jT Soc Dyers and Col., 1924, p. 94) recommends the use of an 
alkaline solution of sodium mtnte instead of arsenious oxide It is made by 
dissolving 2-6 grammes of sodium mtrite and 20 grammes of sodium bicarbonate 
in water and diluting the solution, with water, to a litre. It may be standardised 
by running it into an acidified solution containing a known volume of N/10 
permanganate solution till the colour disappears, and titrating back the slight 
excess The reaction is in accordance with the equations 

NaNOa+HOCl=NaNO,+HCl, 

NaNOj+Ca(OCl)01=NaNO3+CaClj. 

The results are not affected by chlorates or feme compounds Traces of ammonia 
have no influence, but the end point is spoiled by appreciable quantities, such as 
may occur in sodium bicarbonate. If the bleaching powder contain much 
calcium hydroxide, sufficient sodium bicarbonate must be added to convert it 
into calcium carbonate The end point of the reaction is indicated sharply by 
the blue colour of iodide of starch paper or of zmc-iodide-starch solution In 
the jirc-sence of ammonia no end point is obtained with starch iodide paper 
This fact can be utilised as a delicate teat for ammonia, of which 1 part in 2 to 3 
millions can be detected in this way 

When it IS necessary to determine chlorides, the method of Makamura may 
bo used The available chlorine as hypochlorite is first determined by titration 
The hypochlorite is next converted into chloride by treating another portion of 
the solution with hydrogen peroxide, and the percentage of chlorine present as 
chloride is found by difference After treatment with hydrogen peroxide, the 
solution 18 boiled to expel the excess of this body, and is then cooled and titrated 
with decinormal silver-nitrate solution or the silver chlonde collected and weighed 
The total chlorine may be determined also by treating the solution with excess 
of ammonium hydroxide and boihng — 

3Ca(0Cl)2-f4NH3=3CaCl,-t-2Ng-i-6H*0. 

f'hlonne present ns chlorate may be determined in the following manner 
When chlorates are heated with hydrochlonc acid chlonne is evolved Thus 

Ca(ri 03 )j-|- 2 Hri=-C 8 Cl 8 -f 2 HC 103 , 

2HC10j-)-10HCT=-6H80-f6Ul2 

Hypochlorites are decomposed also in the same way, but the chlorine produced 
can be determined by titration with sodium thiosulphate and allowed for Hence, 
if a known weight of bleaching powder, or a definite volume of its solution be 
heated with excess of hydrochlonc acid and the resulting chlorine led into a 
solution of potassium iodide, the total chlonne due to hypochlontes and chlorates 
can be obtained by titration. The following method is given by De Keghel 
(Les Produtts de Bhnchvment, p. 79) • — 

The apparatus used is illustrated in fig. 1 49. Twenty-five c o. of the bleaching- 
powder solution and a small fragment of magnesite are placed in the flask A, 
and in the retort B, diluted potassium-iodide solution, till the end of the delivery 
tube is immersed as shown in the illustration. Twenty-five c c of hydrochlonc 
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aoid are then added to the contents of the flask and the mixture is heated till 
the chlorine is expelled The receiver B should be immersed in cold water. 
The retort is then withdrawn, its contents washed into a flask, and the liberated 
iodine IS determined by titration with decinormal sodium thiosulphate solution. 



Fiq. 149 — Apparatus for determination of chlorafes. 


Bleaching powder is rarely adulterated, although it may be poor in available 
chlorine. 

Iron oxide is sometimes present in distinct quantities in bleaching powder. 
The danger attached to its presence has already been mentioned. 

The following examples of commercial bleaching powders are taken from 
Thorpe’s Drctionary of Ghemwlry . — 



A. 

B. 

0 . 

Available ohlonne 

po. 

37 00 

po. 

28 30 

p.0. 

36 00 

Chlorine ae chloride . 

0 30 

0 59 

0 32 

Chloriiio aa chlorate 

0-26 

0-08 

0-28 

Lime 

44 49 

43 ’34 

44-66 

Magnesia .... 

0 40 

0 81 

0 43 

Peroxide of iron 

0 05 

0-04 

0 02 

Alumina .... 

0 43 

0 41 

0-33 

Oxide of manganese . 

trace 

trace 

trace 

Carbonic acid . 

0-18 

0 30 

0-48 

Siliceous matter 

0 40 

16-33 

0 50 

Water and loss . 

16 45 

0-30 

17-00 


A sample of bleaching powder made from pure lime under the best conditions 
gave — 


Available ohlonne 


. 4313 

Chlonne as chlondo 


0 29 

lame . 


. 39 89 

Carbon dioxide 


0 42 

Water . 


. 17 00 


, Preparation of Solution of Bleaching Powder. — Considerable care is 
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necessary in making the solution to bo used for bleaching. Tn the first place a 
high temperature of extraction must be avoided, as it causes decomposition. On 
the other liand, too low a temperature does not favour complete extraction. 
The solution must be quite free from suspended particles If these be left m 
they become entangled in the fabrics and cause over-bleaching, i c. production 
of oxycellulose It is obvious that to simply stir the powder with water and let 
it settle and then draw off the liquor cannot give complete extraction For this 
some process of decantation and levigation must be adopted The following 
instructions are due to Messrs Carey and Muspratt, and are the result of con- 
siderable exjjencnce — 

Water - The water used for making the solution should not be cold. The 
be.st jiractical temperature is 75° to 80° F. 

Bletieliwg Pmoder —The bleaching powder should be emptied into the agitat- 
ing tank through a 1-inch mesh sieve, the lumps being knocked through with 
the flat of a spade. 

Agitation . — The agitation should be performed so as to shi^w a strong swirl 
on the surface, say with a periphery speed on the agitator of 500 feet per minute 
for tanks of 5 to 9 feet diameter, and the lower limbs of the agitator should be 
no more than 1 inch from the bottom of the tank After completing the volume 
of the batch, thorough agitation for twenty minutes is ample for all strengths 
of solution up to 16° Tw Further time spent on agitation is wasted, and by 
beating up the bleaching jiowder renders subsequent settling appreciably slower 

Clearing Space for Sludge —The run-off pipe should be at such a height as to 
allow 5 cubic feet of sludge per cwt. of bleaching powder used per batch for all 
strengths of solution up to 16° Tw. Unless a sufficient space is allowed an 
enormous waste of time will arise in waiting for the last few inches to settle 
clear 

Waehwq Sludge— The sludge consists not of bleaching powder, but of in- 
soluble lime suspended in bleach solution When the clear liquor has been run 
off, the agitating tank should be filled again with water and the contents agitated 
for five minutes only prior to settling. The clear liquid is then run off, and for 
all practical purposes one such washing will be sufficient 

Efficiency.— When the precautions given above are followed, the loss of 
bleaching powder in the washed sludge will not exceed 2 lbs per cwt of bleaching 
powder used, provided the last clear hquor is not more than 2° Tw 

If the powder be carelessly extract^ it often cakes and forms luirps, which 
are not afterwards broken down and hence never extracted The powder sho>’ld 
be ground before use and first made into a paste with a little water, this paste 
being afterwards diluted to the required strength. 

The Castner- Kellner Alkali Co , Ltd , make the following recommendations — 

1 The water used should have a temperature of from 21° to 26° C 

2 The liquor should be agitated mechanically and there should be no dead 
spots in the tank 

3 The bleaching powder should be added gradually to a tank which is one- 
third full of water Lumps should be crushed. After all the bleaching powder 
has been added, agitation shou^] be continued for twenty minutes The tank 
should then be filled up with water, agitated for another ten minutes and, finally, 
allowed to settle. 

4 For each 1 cwt of bleaching powder, 6 cubic feet of space must be allowed 
for sludge and the liquor running-off pipe must be fitted a few inches above the 
sludge level m order that a clear bleach liquor may be obtained. 
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5 After running off the clear liquor, the tank should be filled up with water, 
and again allowed to settle This solution is added to the strong clear liquor 
and the sludge remaining in the tank is usually dumped 

L Grifiin {J SC 1 , 1904, p 174), treating of the extraction of bleaching 
powder, says that when 38 to 39 per cent of available chlorine is present the 
sludge is of very little consequence and settling is much easier than with lower 
grades Hence the first ( ondition for rapid and complete extraction is the use 
of a good powder The quality of the water has an important influence on the 
results, since it affects the relative specific gravities of the solution and the 
insoluble matter Thus the presence of even a small amount of f arbon dioxide 
will cause much more rapid settling The temperature of the water is also of 
unjiortance, since it affects the specific gravity of the solution Within limits a 
highei temperature induces rapid settling 

An important point to decide in making bleaching solutions is what the 
strength should be Griffin finds that a solution of about 6° to 7° Tw is the 
most convenient to make From this, together with the liquor from the first 
washing of the sludge, a solution of about 4 2° Tw is obtained, which gives 
the best results m practice This is smtable for most purposes and requires a 
capacity of about 1 cubic foot per 3 75 lbs of a good powder 

Ho lecommends the following plant for extraction Two round or square 
similar concrete tanks of somewhat gi eater depth than width arc provided with 
agitators and adjustable syphons for drawing oft the liquors into a common pipe 
leading to the storage tank, which should be equal in capacity to the sum of 
those of the first two The storage tank is at a lower level than the rinsing 
tanks, so that the liquors flow mto it by the action of gravity It is convenient 
to have the rinsers level with the flow, and better agitation c an be obtained with 
square than with round tanks The extraction is carried out as follows — 

A mixture of about 6° to 7° Tw is made up in one tank and allowed to settle, 
the other containing the sludge from a former extraction of the same strength 
The latter is filled up with fresh water or a weak liquor, agitated, and allowed to 
settle After a time the two liquors are drawn off m equal volumes, m equal 
times, giving a mean strength of about 4° Tw With care a constant strength, 
which IS always desirable for good results, can be in this way obtained The 
sludge from the sec ond liquor is again agitated with water, thus making a third 
or weak liquor After settling, this is used to wash the strong sludge from a 
fresh extraction The residue, after the third extraction, is practically free from 
chlorine and is rejected, leaving the mixer ready for a fresh charge of powder 
It would he better to use fresh water for washing the strong sludge and the third 
liquor for making up the next strong hquor, but this would necessitate the use 
of four mixers 

For large quantities of bleaching powder of about 10 tons daily, four concrete 
settling tanks, each having a capacity of about 1100 cubic feet, are used These 
have, as before, adjustable syphons leading mto a common conduit The outlet 
of each syphon is near the bottom of the tank Each is made of 3 inch cast- 
iron pipe, and is made in the form of an adjustable elbow joint similar to that 
used in the Archbutt water softener In this way the liquor is drawn off from 
the surface where it ia clearest, and it is not necessary to wait for complete 
settling The mixing is accomplished in a special mixer by a centrifugal pump, 
which imparts a rotating motion to the contents of the tank 

In working the plant a full settling tank of strong solution is made by dis- 
charging the contents of three or four mixers The tank is then allowed to settle 
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for five or aix hours at 55® F , syphoning off the liquor meanwhile. About 
3 cubic feet of sludge are left for each 100 lbs. of powder used. The strong sludge 
is washed twice with water, the resulting liquors being used in subsequent ex- 
tractions This example is evidently worked out for paper bleaching on a large 
scale Such large quantities are never required for cotton goods. 

The Use of Liquid Chlorine in preparing Bleaching Solutions. — The 
sludge which is formed when bleaching powder is extracted with water consistB 
as chiefly of free or unchlorinated hme. It is generally thrown away If, 
however, chlorine gas be passed into the mixing tank while the bleaching powder 
is being extracted, and is allowed to bubble up through the liquor, this free hme 
is converted into calcium hypochlonte In this way much stronger bleaching 
liquors can be obtained, and the quantity of sludge is greatly reduced. 

No special plant is required beyond a fairly deep mixing tank and some 
quarter-inch steam piping to lead the gas into the liquor With such a tank and 
good agitation, the time necessary for this chlorination does not exceed fifteen or 
twenty minutes The temperature of the hquor rises slightly during the process, 
which favours, also, the subsequent settling of the sludge 

The Castner-Kellner Alkali Co , Ltil , who manufacture liquid chlorine, claim 
the following advantages for this method of prepanng bleaching solutions . — 

1. Stronger liquors arc obtained and fewer mixings necessary Since the 



A— Valve Protectinq Cap 
B— Valve Spindle Wheel. 

C— Gland Nut 

G-Internal Pipe for Liquid Chlorine Supply 
E— Cover Nut. 

F— Dermatine or Lead Joint Rma 
G— Hard Rubber and Steel Wabhera 
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SECDONAL ELEVATION 



PLAN 

Stirrup Connection 
Bio iso. — C hloriup cylinder valves. 


liquor IB at least 35 per cent, stronger, ten batches will produce as much liquor 
as thirteen or fourteen do without chlonnation. In fact, owing to the small 
quantity of sludge formed, it is po^ible to obtain even stronger bleaching 
hquors and, by using a bigger charge of bleaching powder, and chlorinating it. 
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to make a atrong stock liquor which can be diluted as required. Moreover, 
owing also to the small amount of sludge, much more of the clear liquor can 
be drawn off 

2 The loss through im^ierfect solution of the bleaching powder is generally 
10 per cent, and may rise to as much as 25 per cent, of the powder used This 
18 avoided by chlorination. 

3. The sludge is only about one quarter of that produced when bleaching 
powder is extracted with water alone The disposal of the sludge is sometimes 




Combination Spanner 


Fio 151. — ^Woulff bottle. 

difficult. Moreover, at least three or four mixings can be made in the same tank 
without removing the sludge In some cases five successive bate bes can be made 
This n.iturally .saves much labour and increases greatly the outjmt of a mixing 
plant 

Liquid chlorine is supiilied in cylinders of about 70 lbs cajiacity When the 
cylinder is opened the liquid evaporates, yielding chlonue gas The cylinder 
head and valve are illustrated in fig 150 When not is use, the protecting cap 
should be screwed down over the valve The outlet valve is protected, also, 
by a cover nut a hich should be screwed home. The use of force m opening the 
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valve must be avoided. A special valve spanueT is supplied. In case of difficulty, 
an iron nng (say a 3-inch coupling nng) should be made black hot and placed 
over the valve for a mmute or two The valve spindle, when made loose, should 
be kept moving as the valve cools down. In the illustration, the delivery pipe 
IS connected to the cyhnder by means of a recessed nut. Another type consists 
of a stirrup which fits over the valve body A recessed boss holds the collared 
pipe and a tight joint is made by means of a hand-screw w'orking on the back 
of the valve The stirrup connection is preferable to the other type, it saves 
time, wear and tear on the threads of the outlet valve, and does away with the 
danger of a misfit between the threads of the valve outlets and of the coupling nut. 
It IS advisable to insert a Would bottle containing strong sulphuric acid between 
the cylinder and the chlorinator. This is shown in fig 1 51 

When the consumption of chlorine is very large it may be obtained in tank 
waggons. A suitable plant for the preparation of bleaclung liquors is illustrated 
in fig 152. 

Strength of Solution. — The strength of the bleaching solution vanes very 
much with the nature of the goods and the effect required The exact strength 
to be used for any particular class of goods is a matter of judgment and experience. 
Experience has proved that if the prehnunary operations are thoroughlv carried 
out, it IS possible to bleach completely the most obstinate goods without ex- 
ceeding a strength of 3 grammes per litre (t e about 1° Tw ). It is of great 
importance that the proper strength should be used and maintained, or under- 
or over-bleaching will result The use of strong solutions should always be 
avoided, since they invariably tend to cause the production of oxyccllulose 
The concentration to be aimed at is that which will oxidise the colouring matters 
without attacking the cotton fibre lastead of employing strong solutions, it 
IS better to rebleach with a dilute solution or to employ sodium hypochlorite 
instead of bleaching powder, since it can be employed in greater concentrations 
without danger A gradual evolution of the bleaching action is also desirable 
If the chlorine be too rapidly evolved the goods will not be thoroughly pene- 
trated, while if too slowly they may be damaged owing to the prolonged action 
of the chlorine The presence of excess of alkali, particularly m the case of 
.sodium hypochlorite, retards the evolution of the chlorine. Thus, incomplete 
washing after lye boiling increases the time and chemicals necessary for 
bleaching 

The strength of the solution and the temperature at winch it is used are very 
closely connected A solution of bleaching powder increases in activity directly 
with the temperature Thus, a weak solution at a moderately elevated tem- 
perature 18 often more powerful than a cold but stronger solution Heat must, 
however, be employed with great care, as it increases the danger of over- 
bleaching The usual temperature is from 15° to 18° C , but it may be increased 
with care up to 20° to 25° C , the strength of the solution being correspondingly 
reduced 

Freibergcr is a consistent advocate of warm bleach liquors. Thus, he stated 
(J tSoc Dyers and Col , 1919, p 201) that solutions of bleaching powder con- 
taining 1 gramme of available chlonne per litre, at a temperature of 35° to 37° C 
for about thirty-five nuuutes, give gowl results The penetration is better, the 
white purer, there is little or no danger of over-bleaching, and the precipitated 
calcium carbonate is not so troublesome, owing to the fact that it is in a looser 
and more granular condition 

The time necessary for bleaching is reduced greatly. At a strength of 1 
gramme per litre of available chlorine a fabnc which would require &om two 
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to three hours at atmospheric temperature can be bleached in from ten to fifteen 
minutes at 35° C 

Freiberger’s experiments have been criticised on account of the fact that 



only small quantities of material were used, but Trotman and Pentecost (J.S.C.I , 
1922, 73t) have used the method on the large scale, though with weaker solu- 
tions than those suggested by Freiberger. With bleaching solutions containing 
0-5 gramme of available chlonne per litre they found that excellent results were 
obtained, particularly with sodium h 3 rpochlorite. 
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Checking the Strength of Bleaching Solutions. — The strength of bleach- 
ing solutions may be expressed in terms of — 

1. The T^raddell hydrometer scale 

2. Grammes of available chlorine per htre of liquor, or “ grammes per 
litre.” 

3. Litres of chlonne gas per litre of liquor, or “ chlorometnc degrees ” 

These expressions refer to the methods of testing respectively described below, 
and their corresponding values for eqmvalent strengths of blcaching-powder 
solution are tabulated on p 459 

Owing to the variable composition of bleachmg-powder solutions, the relations 
expressed in this table cannot be regarded as apphcable m all cases, even of 
freshly made solutions But as the Twaddell of the hquor has become the 
usually adopted standard of bleaching strength, irrespective of the inaccuracies 
associated with the test, it is useful to establish a relation between terms which 
are proportional to bleaching strengths and those which have become famihansed 
by usage. 

In view of the importance of working with a solution of suitable strength, it 
IS perhaps remarkable that so crude a method of checking as the use of a hydro- 
meter should be employed A solution of bleaching powder contains not only 
chlorine and hypochlorites, but calcium chloride and lime, all of which may 
vary in amount While a hydrometer will give approximate results in the case 
of a solution of a single substance, such as sulphuric acid or caustic soda, it is 
quite incapable of doing this in the case of a complex solution containing at least 
four variable constituents. The readings can only be of any value as long as the 

E owder has a constant composition The titration of bleaching liquors should 
e a matter of routine m every bleaching works, as this yields figures which 
definitely correspond with the bleaching activity of the liquor and with the 
progress and cost of a given operation This method affords a ready and 
accurate indication of the state of a partially exhausted liquor, and what addi- 
tions are necessary to bring the same up to strength, or whether it is worth 
while strengthening. 

The titration may be carried out by any of the methods described 
above 

The objection which is urged against the testing of chemic by titration is 
the greater time and care required as compared with the very simple hydrometer 
test 

To meet this objection, the burette may be graduated so as to give direct 
readings m grammes per litre, or, if preferred, in the equivalent degree Tw 
The quickest method then becomes the one in which the decmormal solution is 
placed in the beaker, together with the indicator, as in the arsemous acid process, 
and the chemic run in from the burette. The burette must be graduated in 
accordance with the relation — 

c c. of decinormal solutionx 0-00355 X 1000 .. 

i — grammes per litre. 

c.c. of chemic '■ 

When the scale is specially graduated, it is of course necessary to use m 
the beaker that number of c.c. of N/10 solution for which the scale is 
proportioned. 

In the corresponding test, in which the decmormal solution is titrated into 
the chemic, the readings of an ordinary c.c. burette may be made to represent 
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grammes per litre, by employing that number of c c of cbemic in the beaker 
which fulfils the condition — 

1 c c N/10 sol X 0-00355 X 1000 , 

r-i =1 gramme per litre, 

X c 0 of chenue ^ 

whence x=3 55 c c 

Many bleachers who realise the inaccuracies of the hydrometer test, but 
require foi ])ractical use a quick and sunjile test of a fairly reliable character, 
employ one of the solutions described above, prepared of such a strength that 
one drop of chemic of known strength will neutralise say 5 c c of the solution 
an<l discharge the ( olour of the indicator The chemic is applied by means of 
a graduated dropping tube, or by even t ruder methods, and the strength of 
the chemic is calculated as being inversely proportional to the number of 
drops apjilied The results are generally expressed in terms of the Twaddell 
standard 

If the chlorine be rec^uired in terras of litres and gas per litre of liquor 
( ‘ chlorometric degrees ”), as is sometimes the case. Bottler’s process is very 
useful, since it gives volumes directly 

It depends upon the fact that when a solution of chlorine or hjpochlorite is 
treated with hydrogen peroxide, oxj gen is liberated The volume of the liberated 
oxygen IS cxai tly the same as that of the chlorine contained in the liquor This 
IS seen in the equation 

C1,-2HC1+0, 

The test is carried out as follows A nitrometer is filled with water and the 
side tube connected with a wide mouthed bottle oi flask b\ means of a flexible 
rubber tube A quantity of hydrogen jieroxide solution is placed in the flask, 
and a measured volume (3 5 c c ) of the liquor is plac ed in a small tube ancl 
introduced in such a way that it stands ujiright, preventing contact between 
the two solutions The cork is then replaced, thus connecting the flask to the 
nitrometer The top of the latter is now opened, so that the nitrometer is m 
communication with the flask The bleaching liquor is next mixed with the 
peroxide solution by shaking the flask The evolved oxygen is ccdlected in the 
nitrometer, clisplumg the water When the evolution of gas has ceased, the 
free tube of the nitrometer is moved till the level of the water is the same in 
both, % e until the gas is under atmosjilienc pressure, when the volume is read 
oft The volume is a measure of the active chlorine m the bleaching liquor, and 
may be easily calculated into litres of chlonne per litre of liquor 

As already indicated, the chlorine content of bleach liquors may either be 
stated as grammes per litre or as chlorometric degrees The latter term denotes 
the number of litres of chlorine gas present in 1 litre of the liquor Thus, if a 
bleach liquor has a strength of 1 chloiometric degree, it means that 1 litre con- 
tains 1 litre of chlorine gas measured at 0° C and 760 mm pressure In the 
case of a solid substance, such as bleaching powder, the chlorometric degree 
refers to 1 kg , ^ c the weight of 1 litre of water Thus, if a given sample of 
bleaching powder is said to have a chlorometric strength of 1(X) , it means that 
1 kg of the powder is equivalent to 100 litres of chlorine gas measured at 0° (' 
and 760 nira pressure 

The gravimetric method of expression is more rational than the volumetric, 
and IS now generally adopted Thus, the strength of bleaching powder is gener- 
ally returned as a percentage of available chlorine, while the strength of liquors 
IS measured m grammes per litre 
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CoMVXBSION Tadlb fob Fbesh Blraohiho Powdxb SoivTiova. 


•Tw. 

8p. Or. 

“Grammes per 
Litre." 

“ Chlorometrio 
Degree.” 



1-40 

0-46 


1 0060 

2-71 

0-86 


1 0100 

6 68 

1 77 


1-0160 

8 41 

2 67 



11 41 

8 63 

6 

1-0260 

14 47 

4 61 

6 

1-0800 

17 86 

6 61 

7 

1-0360 

20 44 

66 

8 

1 0400 

28 76 


S 

1-0460 

26 62 

8-8 

10 

1-0600 

29 60 

9 4 

16 

1-0760 

46 70 

14-6 

20 

1 1000 

61 60 

19 6 

0-3 


1 

0-82 



2 

0-64 

1 1 

1 0066 

3 

0-96 

1-6 

1 0075 

4 

1-27 

1'8 


6 

1 59 

2-2 

1 0110 

6 

1-91 

2 6 

1-0125 

7 

2 28 

20 

1-0146 

8 

2-66 

3-1 

1 0165 

8-6 

2 70 


The Ponciufl method {J S C.1 , 1922, 544a) of eHtimatmg available chlorine 
m bleaching solutions is useful Sodium bicarbonate is added to the solution, 
which IS then titrated with decmormal potassium iodide, using starch solution 
as indicator, till a blue colour is produced. The iodide is first oxidised to iodate, 
but as soon as this reaction is complete, the next drop of iodide reacts with the 
iodate, liberating iodine, which at once gives a blue colour with the starch. 

It IS necessary sometimes to estimate the alkalinity of a bleaching hquor 
This IS difficult, owing to the bleaching of the indicators used The method of 
Orton and Jones (Analyst, 1909, p 317) gives accurate results The solution to 
be tested is placed m a Drechsel bubbler and an excess of decmormal acid is 
added to it The volume of acid necessary to react with the hypoohlonte is 
obtained by titrating the hquor with decmormal thiosulphate. A stream of 
air, free from dust, is passed through the mixture, m the absence of light, till all 
the chlorine is evolved. This point can be ascertained by adding one drop of 
a O'l per cent solution of methyl orange. The indicator is bleached if any 
chlorine is present. When the liquid is free from chlorine the excess of acid is 
titrated with decinormal sodium carbonate The procedure is the same in the 
case of solid hypochlorites, except that it is more convenient to introduce the 
solid into the bubbler before the acid The alkalinity is calculated from the 
equations 

Oa(OCl)g+4HCl=-Ca('lg+2HgO+2(llj, 

Ca(OH)g+2HCI=CaClg+2HgO 


The thiosulphate or arsenite titre (N/10) of the bleaching solution gives directly 
the volume of decmormal hydrochloric acid reaction with the hypochlorite. 

Free alkali can be estimated, also, by adding a carefully neutrabsed solution 
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of hydrogen peroxide until no more oxygen is given oil. Methyl orange is then 
add^ and the alkali titrated with decinormal acid. If the methyl orange is 
bleached, it indicates that insufficient hydrogen peroxide has been used 

General Conditions of Bleaching, — The apparatus used will be descnbed 
in the next chapter. The vessels used must be made of wood, slate, or some 
material which is unattacked by the liquor. The goods, after lye boiling, are 
washed till quite free from soda, and run into the bleaching tanks through 
squeezers or rollers to remove excess of water, which would otherwise cause 
undue dilution of the chemic and hinder penetration It is very important to 
remove all the alkali, since, if present, it will render the chemic more strongly 
alkaline, and therefore leas sensitive , this would retard the bleaching action 
Absorption of chlorine proceeds rapidly at hrst, but soon ceases, after which it 
IS useless to leave the goods lunger m the bath The rate of absorption should 
be tested from time to time by one of the methods described above As long 
as bleaching action is taking place the chlorometric strength of the liquor will 
fall. According to Tailfer, no absorption of chlorine occurs after three hours 
But this, and also the total quantity of chlorine which disapjieats, depends 
largely upon the nature of the goods and the thoroughness of the preliminary 
processes. In all cases the curve of absorption rises very rapidly at first, but 
becomes gradually flatter (fig 14:8a) In bleaching, as carried out by the usual 
methods, the cunccntratiun of the bleaching hquor falls from the beginning to 
the end of the ojieration According to a recent German patent better results 
are obtained if this is reversed, i e if a solution of gradually increasing concen- 
tration 18 used. This is said to give a better colour and to be accomjiamed by 
less danger of over-bleaching 

The jiroper strength of a bleaching solution is the least which will bleach 
the residual colouring matters without proclucing oxycellulose. Hccrmann and 
Frederking (J SCI, 1H22, 54a) drew attention to the danger of using bleaching 
liquors at too great a concentration They found that the decrease in the tensile 
strength of cotton fabrics during bleaching increases directly with the concen- 
tration of the liquor used. When the latter was doubled the former was trebled 
Liquors of a concentration of 2 grammes of chlorine per litre caused also a 
decrease in elasticity. 

The usual practice is to bleach in an alkabne liquor in order to control the 
action Acid liquors are generally considered dangerous. But Ristenpart 
(J S C.I., 1922, 809a) makes the rather striking statement that this idea is 
fallacious According to him, better whites and less oxycellulose are obtained 
by first treating the goods with an acid bleaching liquor of sp. gr. 1-007, con- 
taining 2-5 c c. of sulphuric acid per 500 c c of hquor, and then washing and 
treating with an alkaline bleaching liquor 

Schwalbe and Wenzl (/ S.C 1 , 1923, 50a, 711a, and 924a) observed that in 
the case of wood pulp there is a distinct advantage in bleaching at a temperature 
of from 30° to 35“ C , while passing a current of, air through the bleaching hquor 
shortened the time necessary for bleaching by one-half. They state that in the 
action of hypochlontes on all types of cellulose there is a continuous formation 
of carbon dioxide amounting to from 0-26 to 0-28 gramme for each gramme of 
chlorine consumed by 100 grammes of cellulose. When this carbon dioxide is 
not removed it combines with the calcium hydroxide present, forming calcium 
bicarbonate, which acts as a buffer and ultimately brings the bleaching process 
to an end The favourable influence of a current of air is purely mechanical 
It acts by helping to carry off the carbon dioxide. Similar results were obtained 
in the total absence of air by a current of pure mtrogen- The carbon dioxide 
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mentioned above is supposed to be formed by the oxidation of organic matter 
by the bleaching powder Waentig (J.S C.1 , 1924, 291b), however, criticises 
these statements, pointing out that there is little reason for supposing that the 
accumulation of carbon dioxide would inhibit bleaching action 

3ut the noatter is a suitable one for further experiments. The experiments 
of Schwalbe and Wenzl are quite opposed to the common experience that old 
bleaching liquors are more active than fresh ones. Spent liquors are frequently 
strengthened for the next lot of goods. The increased activity of old liquors 
IS counter-balanced by the large amount of organic matter frequently held in 
solution, and occasionally by the possibility of the presence of soluble chlor- 
amines (p 50). The reason why old hquors are more active than fresh ones is 
not quite clear. They contain much calcium chloride, and it is possible in the 
light of the researches of Taylor and von Tiesenholt that this has something to 
do with their activity. When more bleaching-powder solution is added to an 
old liquor the excess of calcium chloride would cause the reversion of the 
equation 

2Ca(OH)*-|-2Clj;?^CaClg-fCa(OCl)4-f2HgO, 

and this produoe.s an immediate stimulation of the bleaching action of the 
mixture 

Higgins has shown that the presence of calcium chloride increases the attrac- 
tion of the solution for atmospheric carbon dioxide, and this may be a contribu- 
tory factor. But he noted, also, that old chemics give a precipitate with lime 
water The precipitate consists of calcium oxide combined with orgamc matter. 
Hence, when an old liquor is mixed with a fresh one, organic matter is precipitated, 
carrying down with it some of the dissolved calcium hydroxide. This reduces 
the concentration of the solution with respect to calcium hydroxide and upsets 
the equilibrium of the equation 

Ca(0Cl)-f2Hs,0^2H0Cl-t-Ca(0H)j, 

and this causes the liberation of hypochlorous acid or chlorine. 

The practical significance of these considerations is very evident in the 
difficulty with which the bleaching activity of an old liquor can be controlled 
in the treatment of goods in which the colour of a dyed portion has to be preserved. 
The difficulty and nsk of damage is not less in the case of white goods, but the 
effect may be less easy to detect 

The use of capillansmg agents in the bleaching-bath may be referred to. 
Thus, m the patent process of Pratt and Arban, the addition of castor-oil soap 
or turkey-red oil is recommended It is claimed that, owing to the strong 
capillary action (or wetting power) of these bodies, the liquor is able to penetrate 
the fibre very rapidly, and perfect bleaching is effected without the intervention 
of the lye boil and at ordinary temperatures. The process ajipears, however, 
to be chiefly adapted to cotton-wool, yarn, and materials whose fibres are easy 
to penetrate. The following is a summary of the advantages of the method given 
by the authors, and an example of the bath used. 

The advantages claimed over the old bleaching processes are — 

1 Suppression of boiling or steaming, saving in apparatus, steam, matenals, 
time, and labour 

2. Avoiding the faults caused by boiling. 

3. The fibre is less affected ; there is no coating or over-boiling, no roughening, 
and only a small loss in weight. 
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An example of a suitable treatment and proportions of matenals is as 
follows — 

One hundred kgs of raw cotton, for instance, in the shape of cops, are im- 
pregnated with 5(K) litres of a solution of h 3 ^ochlorite of soda with 0*3 per cent 
of effective chlorine, with the addition of 10 litres of turkey-red oil of 75 to 80 
per cent (or castor oil soap), and washed out after about two to three hours 

Higgins {JSCJ, 1914, p 902), who made a critical examination of this 
process, found that about hve times as much fhlorine was required as compared 
with the ordinary methods 

After chemicking, goods should never be left lying in contact with the chemic, 
but should be immediately washed in water and soured On standing in contact 
with even dilute solutions of hjpochlorites, cotton becomes (hanged into oxy- 
celliilose, which, when dried or hot calendered, gives rise to tendering or yellowish 
stains 

Philip (.7 SCI, 1901, p 398) has recorded the following illustration of this 
(’otton goods were noticed to develop yellow or brownish stains after hot calen- 
dering, when bleached in a new factory The essential difference in procedure 
was that the goods coming from the chemic were stored in piles, and exposed 
to the air for some time Subsequent investigation showed the discolorations 
to be due to ox\ ( ellulose, and the trouble disappeared with the exposure to 
air and consequent evaporation wis prevented This formation of oxj cellulose 
seems to indicvtc that bleadiing by exposure to air, in order to make use of 
atmospheric carbon dioxide, is attended with danger 



CHAPTER XXIV. 

SOURING. 

The Bleaching Process and the Apparatus used. — The bleaching process 
IS comparatively simple The diluted bleachmg-powder solution (or clieniic) is 
placed in a suitable vessel and the goods are worked in the liquor till they are 
sufficiently bleached, suitable aeration being provided for 

The washed goods are run into the bleaching-tank through squeezers or 
rollers to remove excess of water, which would cause dilution of the bleaching 
liquor and delay penetration of the goods The common method is to pass 
the fabric from the washing machine, giving it a final mp to squeeze out as 
much water as possible, into the chemicking vessel by overhead winces Fabrics 
which are, for any reason, difficult to penetrate arc impregnated with the chemic 
in a washing niacliiiie before jiassing them into the bleachmg-tank 

For the efficient working of the bleaching operation the following conditions 
must bo observed — 

1 Thorough impregnation of the fabric 

2 Uniform distribution of the liquor 

3 ('ontrol of the strength of the liquor and its temperature. 

4 A proper degree of aeration 

The fulfilment of the first condition is assisted, as mentioned above, by 
mechanical impregnation, but is dependent primarily upon the completeness of 
the lye boil An important function of this process is to render the goods per- 
fectly permeable to the bleaching liquor. Unremoved oil or wax, the presence 
of calcium or magnesium soaps deposited during the process, residual pectoses 
or proteins, all inhibit permeability and make bleaching difficult The uniform 
distribution of the liquor may be assured by circulating either the chemic or the 
goods, and aeration is provided for at the same time. 

The chemic tank consists of a square vessel of wood or stone (fig. 153), the 
sides braced together by plates and tightening bolts. 

In the vessel are two onfices fitted with plugs, and delivering into the waste 
drain and chemic well respectively The plugs are tapered to fit the orifices, 
and extend vertically through troughs to enable them to be raised or lowered 
without impediment from the fabnc in the tank They may be secured when 
raised by a locking pm passing through the shank and resting on the side of the 
tank A false bottom in the tank supports the fabric, assisting drainage 

The chemic well, of stone or cemented brickwork, lies beneath the tank and 
communicates with it by a circulating pump which delivers the liquor to a 
perforated trough or troughs resting loofwly on the top of the tank. These are 
shaped to spray the hquor evenly over the surface of the fabric 

The accompanying aeration of the chloride of lime increases its activity, while 
a further aeration of the fabnc occurs during draining. It may also be reeled 
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from one tank to another for this purpose, and to equalise the treatment imparted 
throughout its length. 

The chemic well serves to prepare the chemic at a convement degree of 
dilution and maintain the strength as it becomes exhausted. This is done by 
additions of small quantities of stronger liquor from a carboy or supply pipe 
connected with the storage tank containing the supply of strong liquor. 

The chemic is generally used over again for treating the next batch of fabnc, 
being diluted or strengthened, as necessary, by addition of water or bleaching 
liquor A certain amount is always lost by absorption or incomplete draining. 

Iron IS sometimes used for the pump and pipework where chloride of Ihne is 
used, as this soon deposits a protective coating of carbonate of lime, but this 
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ultimately chokes up the pipes. Lead, phosphor-bronze, or vulcanite are to be 
preferred Iron must not be used in the souring system 

The starting or “ priming ” of the centnfugal pumps sometimes gives trouble. 
This IS avoided by fixing the pump low enough to be charged by gravitation of 
the liquor Attention to such details as extreme length of gland bearing, and 
ring lubrication of the outer one, accessibility for inspection and repairs, goes 
far to reduce inconvenient and serious stoppages. It is better to fix the staking 
gear on the overhead counter-shaft than to use two pulleys on the pump, since 
this saves unnecessary wear. 

It is advisable to have a senes of such bleaching umts, so that different batches 
can be treated independently at the same time. 

It is sometimes convenient to chemic through the machine and merely pile 
on stillages, but this method has httle to recommend it beyond liberation of 
chemic tanks for other work. It is employed when the fabnc is too heavy for 
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impregnation by circulation, and is thought to give a better chance for aeration. 
This method, however, demands excessive imtial strength of chemic and lends 
itself to over-bleaching Further, the atmospheric effect is applied too much to 
the outer layers of the batch, and the general result is liability to irregularity and 
local production of oxycellulose 

It IS impossible to obtain quite the same uniformity of impregnation when 
the liquor has to be applied in the machine as when it is circulated, as described 
above, since the maintenance of a definite strength of liquor in the machine is 
a matter of some difficulty The better method is to reel from tank to tank, 
maintaimng the desired strength in the tank, and if a squeeze be necessary, 
employ the machine for this purpose 

A squeezing machine placed between two tanks to perform this operation is 
called a ]igger 

The bleaching and souring systems should always be kept separate , the 
reagents used in the respective cases must not be allowed to come together 
Circulation by compression and exhaustion is mentioned in Chapter XVIII 
in relation to the scouring of cops, cheeses, warps on beam, and loose and raw 
cotton, and the same treatment applies to their bleaching and souring 

Bleaching cloth m the open width is effected by the apparatus desenbed in 
connection with the J ickson system, m the chapter on Kiers 

In the treatment of goods which cannot for any reason be handled in the 
rope form, it is sometimes sufficient to bleach by steeping in an open chemic 
tank considerably shallower than the apparatus described This is particularly 
applicable to the bleaching of lace goods in the bundle form 

The chemic is biought to a suitable strength in a tank of about 3 feet depth 
and of convenient capacity The bundles arc dried m a hydro extractor and 
plunged into the chemic tank and allowed to float loosely When sufficiently 
bleached they are withdrawn individually and washed in the dollving michine, 
and soured m the same machine or else transferred to a sour tank 
Separate tanks are used for the grey and white chemic and sours 
A better method consists in the use of cages or receptacles of wood with 
perforated sides and bottom These are charged with material to be bleached, 
and dipped bodily into a chemicking tank by means of a rope and pulley The 
cage IS subsequently lifted out of the tank and allowed to dram into the tank, 
after which it is removed and washed and soured in the same c ige 

A very effective method of chemicking or souring is that employed in 
“ vacuum kiers,” of which there are several vanetics 

In the simplest one now in operation (and used for chemicking raw cotton 
without scouring, for the manufictnre of menno), an iron kier (hg l’)4) with 
removable but hermetically sealed lid is internally lined with glared bru Ics A 
lead pipe connects the base of the kier with the chemic well Towards the top 
of the kier is another lead pipe which communicates with an air-exhausting 
pump It ^Iso contains a glazed inspection c h imber and a relief valve to break 
the vacuum The kier is tightly packed with the raw cotton, which rests on 
a perforated grid, with an attachment enabling it to be elevated to discharge 
cotton after bleaching 

When the kier is packed and sealed, the vacuum is apphed, exhausting the 
air from the cotton, rendenng it readily absorbent of the liquor, which is drawn 
up from the well until it enters the inspection chamber The rehef valve is 
then opened and the vacuum destroyed 

The chemic returns by gravity to the well, meanwhile drawing air through 
the cotton, which, owing to the presence of atmospheric carbon dioxide, assists 
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the action of the chemic This process is repeated three times, or until the 
required degree of bleaching is produced. 

Experiments made by the authors with such a plant have proved that better 
results are obtained by using sodium hypochlorite than chloride of hme , there 
was conseciuently a discontinuance of the use of the latter 

Another form of vacuum kier employed especially for the bleaching and 
souring of yarn and cups is illustrated in hg 155, and has the advantage of 
effecting continuous circulation. The figure shows the connections to the 
chcmic well only, but a similar well hes alongside, and duplicates of valves F 
and R and their down pipes connect with the same. 



F and R are rubber-seated valves with weighted levers which can be raised 
or lowered to operate the valves E is connected to the vacuum pump W is 
a water-supply valve for rinsing the kier , and D is the waste effluent valve for 
draining away the washing water I is an air injector for circulating the 
liquor Air enters through the inlet A either at atmospheric pressure or under 
compression 

The kier may be filled by suction either through F or R R also serves to 
return the chemic to the well after bleaching. 

When the kier has been charged with liquor, E being still opened to the 
exhaust pump (not shown), the regulating handle of the injector is turned to 
>adm]t air at A, and the hquor is circulate through it from the return, to the 
d^ivery pipe, and thus through the kier The air is exhausted at E, whereby 
the^tmosphenc pressure serves to effect circulation in either direction. 

^ the above appliances are suitable for either chemicking or souring. The 
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processes are, of course, separated by a thorough wash. In the case of yarn and 
loose goods this is earned out in situ, especially if a readily soluble bleaching 
agent, like sodium hypochlorite, has been used 

The bleaching vessel illustrated m fig 156 by the Calico Printers’ Association 


IV 



and F Roberts {J. Soc Dyers and Col , 1919, p 195) is suitable for the treatment 
of fabrics m the open width 

The figure is a sectional elevation of the machine. The vessel (o) is fitted 
with a false bottom (/) of glazed earthenware slabs, and inside this is a remov- 
able frame (g), the bottom of which may be either of wood or formed of rollers 
(ji*). The space between the frame {g) and false bottom (/) is such that the 
passage of the cloth through the machine may be easy. The fabric (x) is pleated 
down into the vessel, and is led through the same to one of the pairs of rollers 
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(t, or j, j^). The liquid enters the inlet (b), and is drawn through the outlet 

(d) hy means of a suction pump 

When the bleaching is completed the goods are immediately washed with 
water to remove the chemio. They should never be left lying about in contact 
with unremoved liquor, since this is likely to cause over-bleaching, especially at 
the outside, where the liquor can become concentrated by evaporation of water. 



As soon as they have been washed the goods are “ soured,” t e treated with a 
dilute solution of sulphuric or hydrochloric acid 

Souring. 

It has been mentioned before that calcium carbonate is formed during the 
bleaching process Much of this is deposited on the goods, and is not removed 
by washing with water If it be allowed to remain, the goods have a harsh 
feel when dried. The primary object of the “ sour ” is to change this calcium 
carbonate into a soluble salt, such as sulphate or chlonde, which can be removed 
completely by washing with water — 

CaC0s-fH,804=Ca80*+C0,+H,0, 

CaC0g+2HCl=CaCl,-fC0,+H,0. 
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It must be noted veiy carefully that acids are not used to complete the 
bleaching by decomposing calcium hypochlorite left in the goods. If the washing, 
after chemickmg, has been earned out efficiently, only traces of chemic will be 
left If the washing be incomplete and much calcium hypochlonte remains, 
over-bleaching is likely to result when the goods are soured. This is because, 
in the presence of excess of acid, there is an immediate evolution of hypoohlorous 
acid and chlorine. Bleached cotton generally does develop a slight smell of 
chlorine when soured, but this is due simply to traces of the bleaching-powder 
solution which are not washed out completely by water. It may be said, there- 
fore, that the acid helps to clear the goods from traces of calcium hypochlorite 
nut removed by the previous washing, but this is a secondary consideration. 
The mam point is not to fimsh the bleaching in the acid-bath, but to use it for 
its legitimate purpose. This point is not always realised by students. 

The stren^h of the acid-bath is from 1° to 2° Tw. and the temperature that 
of the atmosphere. The apparatus used is the same as for the chemic. The 
sour IS prepared in the well by adding acid in small quantities to the water, the 
mixture being well stirred to prevent the heavy acid from accumulating at the 
bottom of the tank which, of course, must be made of wood or stone. 

Either the acid or goods must be kept m motion, to ensure that every portion 
of the latter is acted on From half an hour to an hour is required fur complete 
penetration of the acid, depending upon the nature of the goods. When dealing 
with heavy goods it is permissible to raise the temperature slightly. As long 
as the goods are kept completely covered there is no danger of causing tendering 
It must not be forgotten that raising the temperature produces practically the 
same effect as increasing the concentration of a cold sour. Hydrochloric acid 
removes calcium carbonate more readily than sulphunc acid, on account of the 
greater solubility of its calcium salt But m practice, for reasons of economy, 
sulphunc acid is always used. During the war, nitre cake, or crude sodium- 
hydrogen sulphate, was employed for souring It contains from 17 to 35 per 
cent of available sulphunc acid 

After sounng, the goods must be immediately washed with water till every 
trace of acid has been removed The destructive effects of sulphunc and hydro- 
chlonc acids upon cotton have been de.Hcnbod m Chapter IX Failure to wash 
out acid completely, after souring, is one of the commonest fault.s m cotton 
bleaching. A dilute cold bath of sodium carbonate or ammonium carbonate 
may sometimes be introduced during the washing, especially in the case of 
goods which are to bo finally soaped. 

Repetition of Processes. — Some, or all, of the operations which have been 
described are often repeated when the goods are difficult to deal with, or the 
highest degree of punty is required The repetition of comparatively mild pro- 
cesses IS less likely to cause physical or chemical alteration of the cellulose than 
one application of a more drastic treatment Hence, bleaching is not always 
so simple to carry out as it may appear from the foregoing pages. These 
“repetitions” will be dealt with in Chapter XXVII , in which “processes” are 
described 

The Analysis of Bleached Cotton. — It will be convement to recapitulate 
and extend the tests already described for the analysis of cotton, with special 
reference to the requirements of bleached goods A general analysis should 
include the following qualitative and quantitative tests : — 

1. Freedom from Acid ,. — Acid is detected by means of methyl red (p. 133). 

2. Freedom from Chlomie, HypooUontes, or CMoraminee . — ^No bleached' 
cotton should liberate iodine from an acidified solution of potassium iodide. 
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If it does, it may contain either adsorbed chlorine, hypochlorites, or chloramines. 
The two former are decomposed, when treated with an acidified solution of 
hydrogen peroxide, while chloramines are not. If, after this treatment, the 
cotton be washed with water, treated carefuUy with a very dilute solution of 
potassium permanganate to decompose any residual hydrogen peroxide, and 
again washed, only chloramines can remain, which will still liberate iodine from 
an acid solution of potassium iodide 

3. Ash — This IS determined in the usual manner. In a well-bleached sample 
the ash does nut exceed 0*1 per cent If higher, the calcium should be estimated. 
Imperfect souring and washing leaves a residue of calcium salts which may cause 
harshness Iron would be indicated by its colour The ash of a bleached cotton 
should be white or grey in colour 

4. Od and Wax. — Only traces of these should be present. The estimation 
IS made by means of a Soxhlet or continuous extractor, as described on p 76 
Residual cotton waxes are the commonest cause of trouble 

5. Total Nitrogen — This is determined by the Kjeldahl process described on 
p 56 

6 Copjier Number — The methods used for the determination of the copper 
number have been discussed in desciibing oxycellulose (p 1 1 3). Well-bleached 
cotton .should have a low copper number (0*3 to 0-5). 

7 Matter Soluble in Sodium Hydroxide. — About 5 grammes of the sample 
are dried, weighed in a stoppered weighing bottle, and boiled for from two to 
three hours in a flask containing about 5(X) c c of 2 per cent sodium-hydroxide 
solution, a reflux condenser being used The boiled cotton is washed thoroughly 
with hot distilled water, soaked in a 1 per cent solution of acetic acid and 
again washed with water. It is then dned and weighed in the weighing bottle 
Incompletely boiled cotton may lose uj) to 5 or 6 per cent , but if well scoured 
and not over-bleached the kws is very small. 

Birtwell, (dibbens, and Ridge {J Text Inst , 1925, T 21) use this test as a 
substitute for the copper number if the material has not been boiled with alkah 
already Their method of carrying it out is as follows About 2 grammes of 
the material, dried at 1 10° 0., are weighed and boiled with 2(X) c.c of a 1 jier cent, 
sodiuin-hydroxide solution for four hours in a flask provided with a reflux coii- 
dcn.ser The liquid is then poured off through a weighed Gooch crucible, and 
the residue washed successively with a 1 per cent sodium-hydroxide solution, 
water, N/10 sulphuric acid, and finally with water till the washings are neutral 
The crucible and its contents arc then dried at 110° C. and weighed 

8 Methylene Blue Test — This has been referred to already in Chapter VIII 
as a means of detecting oxycellulose It has been investigated fully by Constance 
Birtwell, Chbbens, and Ridge (J Text Inst , 1923, T 297). The method of 
testing employed was as follows From 1-5 to 2 grammes of cotton, cut into small 
pieces, were shaken for eighteen hours in a glass-stoppered bottle, at room tem- 
perature, with 50 c c. of a solution of methylene-blue hydrochloride containing 
approximately 0’4 millimole per litre. Some of the solution was then with- 
drawn and its concentration determined by companson, in a colonmeter, with 
a standard solution of methylene-blue hydrochloride containing 0-2 millimole 
per litre. 

Carefully bleached cotton, which approaches pure cellulose very closely, 
absorbs small but definite quantities of methylene blue. Unbleached cotton 
absorbs much more than bleached cotton owing to the presence of proteins 
and other impurities. The progressive elunination of these impurities should be 
accompanied, therefore, by a gradual decrease in the adsorption of methylene 
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blue by the cotton. The method of determination of methylene blue used 
was that described by Pelet-Jolivet, namely, titration with naphthol yellow S. 
When a solution of this dyestuff is run into one of methylene blue, a reddish- 
brown precipitate is formed, the blue colour of the solution becomes less intense, 
and finally yellow when the reaction is complete. The end point is difficult to 
see, since the precipitate does not settle rapidly. This difficulty was overcome 
by titrating the methylene-blue solution in a thick-walled, flat-bottomed tube 
of about 50 c.c. capacity which fitted the brass buckets of a centrifuge. 

The following conclusions were reached by these authors — 

1. For cotton of known ongm, the methylene-blue absorption offers a method 
of following quantitatively the progressive purification of cotton cellulose during 
bleaching, and, ultimately, of measuring the success of the bleaching process. 

2. For a known bleacWg process, the absorption of the bleached material 
gives information on the origin of the raw cotton, distinguishing sharply, for 
example, between Egyptian and American cottons 

In using the test to indicate over-bleaching certain factors must be con- 
sidered, e g 

{a) The ash content, or, more strictly, ash alkalinity, affects the absorption. 
The ash alkalinity is controlled chiefly by the nature and efficiency of the washing 
processes 

(b) The origin of the raw material is an important factor Whilst American 
cottons, bleached by a normal and efficient process, all show the same absorption 
within narrow limits, the Egyptian cottons when bleached by the same process 
show higher absorjitions, varying with the type. 

(c) When the quality of the cotton remains the same, the absorption is 
determined by the efficiency of the bleaching operations In particular, if the 
scouring process insufficiently removes the non-cellulose imx>urities of the raw 
material, a high absor])tion Results, which is not corrected by the subsequent 
chemic. 

(d) The addition of soap or olein to the kier liquor results in an increased 
absorjition of methylene blue by the bleached material when these substances 
are left on the cotton, for example, in the form of insoluble soaps. 

(e) I’rocesses, such as calendering and mercerising, which alter the surface 
properties or degree of dispersion of cotton cellulose, have no effect on the 
absorption 

In a later paper (J TeM. Inst , 1925, T 13) the same authors give detailed 
results of investigations into the suitability of the methylene blue and other 
tests for the analysis of bleached cotton. Two types of oxycellulose are dis- 
tinguished, one characterised by great affimty for methylene blue and abnormal 
retentive power for alkalis ; the other by high reducing power (as expressed by 
the copper number) and excessive loss in weight on scounng 

If the cotton has been so affected by oxidising agents that the second type 
of oxycellulose has been produced, -it regains its onginal chemical properties 
on scouring with alkali, though, of course, suffering loss in weight A deter- 
mination of the copper number will not, therefore, detect this kind of damage 
if the material has been scoured after bleaching. The measurement of the 
viscosity of a solution of the cotton in “ cuprammonium ” does, however, reveal 
changes in the cellulose, no matter what the conditions of oxidation or the 
subsequent treatment may have been On the other hand, other changes, 
besides those caused by oxidising agents, may bring about the same reduc- 
tion in viscosity, but this is not hkely to happen as the result of a normal 
alkali scour. The copper number is recommended as a useful criterion of the 



472 


BLBAOHINO AND IlNISHlilO OF COTTON. 


peiiu&neiicy of white in bleftched cotton, the methylene-blue absorption as an 
indication of level dyeing properties, and the viscosity as a means of detecting 
tendering in a normal process of scouring and bleaching Which type of oxy- 
cellulose is produced predominantly in a given bleach depends chiefly upon the 
acidity or alkalinity of the hypocMontc solution. On the alkaline side of the 
neutral point the product has a high methylene-blue absorption and low copper 
number, but on the acid side the absorption is low and the copper number high. 

Other tests of importance are — 

Liability to Yellow.-- This may be tested by steanung the sample for half 
an hour in an autoclave at about 1 atmosphere pressure. Freiberger moistens 
the cotton with a solution of sodium ricmoleate and steams at ordinary pressure. 

Wood Gum Value. — Piest {J.S.C.I., 



Oxygen 1913, p 17 ) describes this as the percentage 
of matter soluble iii a cold 5 per cent 
solution of sodium hydroxide after pro- 
longed standing. It is a complex function 
including small quantities of fatty acids, 
gum, and the soluble products of over- 
bleaching (te alkali soluble oxycellulose) 
Normally bleached cotton gives a value of 
from 0*5 to 1 per cent. 

The hydrate copper value (Piest) 
IS the percentage of cupric oxide absorbed 
from cold Fehhng solution This is re- 
garded as indicating the state of hydration 
of the cellulose, being specially pronounced 
in the case of mercerised cotton, normal 
(0-5) in the case of oxycellulose, and par- 
ticularly low for hydrocellulose 

The Acid Value. — This is the amount 
of sodium hydroxide neutralised on boil- 
mg for half an hour with a 1 jier cent 
solution This is a complex function, in- 
dicating primarily the chemical modifica- 
tion due to oxycellulose and hydrocellulose 


Kio 167. — Cupiammomum apparatus in approximately equal degrees, and, 

secoiidanly, the specific susceptibility of 
the cellulose itself to alkaline hydrolysis. It is particularly low in the case 
of cellulose which has been treated already with strong alkali (e g. mercerised 
cotton), and which is not otherwise modified by drastic oxidising or acid treat- 
ment which would increase the tendency to hydrolysis. 

Osts Viscosity Test. — This is a valuable measure of chemical condition 


The cotton is dis.solved in cuprammonmm solution and the viscosity of the 
solution is determined. The viscosity is closely related to the treatment to 
which the cotton has been subjected. This test has been studied critically by 
Farrow and Neale ( J. Text. Inst , 1924, T. 157). The following details are taken 
from their paper They conclude that although defimte values caunot be 
established for the viscosity of cotton at any normal stage of manufacture, 
comparisons of the viscosities of a given matenal, before and after treatment, 
afioj^ an extremely sensitive indication of the inception of structural changes 
in the cellulose. For example, kier boiling, especiaUy if air be present, causes 
a fall in viscosity, as does boiling in extremely dilute acids, l^e process is 
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thus well suited for the control of the various bleaching operations. The follow- 
ing cuprammonium solvent is recommended It contains 14-8 to 15’0 grammes 
of copper and 236 to 245 grammes of ammonia (NHs) per litre It is prepared 
by electrolysing strong ammonia solution in a taQ glass cyhnder (B, 157), 

using copper electrodes (A and C) with a current density of 0*02 amp. per cm*. 
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The cathode consists of copper tubing through which oxygen is led to the bottom 
of the cylinder and made to bubble slowly through the hquid. The whole is 
cooled by circulating water in a jacket One gramme of cane sugar is added 
to each litre of ammonia solution before the electrolysis begins in order to pre- 
vent the disposition of cupric oxide at high concentration. After twenty-four 
hours the solution should contain about 15 grammes of copper per htre. A 
certain amount of nitrite is formed, but should not exceed 2 grammes per litre. 
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calculated as nitrous acid Tlie copper is estimated by titration with potassium 
iodide and standard thiosulphate, and the ammonia by titration with normal 
sulphuric acid, using methyl red as indicator, allowance being made for the 
copper present Nitrite mdy be estimated by determining the amount of 
cuprammonium solution necessary to decolorise 10 c c of 0-lN x>ennanganate in 
the presence of excess of dilute sulphunc acid Adjustment to any desired 
concentration may be effected by adding the calculated quantities of distilled 
water or ammonia solution, or by passmg in ammonia gas. The solution is 
stored in a blackened aspirator buttle connected to hydrogen in order to exclude 
light and air , the side tube of the measuring pipette (C, fig 158) is fitted into 
the lower hole of the bottle It is advisable to stir the solution from time to 
time by means of a current of hydrogen in order to equalise concentration 

Method oj Experiment — The moisture content of the cotton having been 
determined, a weighed quantity is introduced into the bulb A, which is connected 
up as illustrated, and alternately evacuated and filled with hydrogen by manipu- 
lating the three-way tap li Fifty c c of cuprammonium solution are then run 
into A from the measuring pipette, after which A is filled with hydrogen, closed 
and disconnected The bulbs are shaken till solution is complete The bulb 
IS then connected to the viscometer by means of a U-bend and rubber tubing, 
and the liquid driven out by means of hydrogen. For a 2 per cent solution the 
falling sphere viscometer is recommended. This is shown m fig 158 It con- 
sists of a tube, G, 1 cm in diameter, with five etched rings at 5 cm intervals. 
The tube is held vertically in a thermostat, a ,’rt-iuch steel ball is dropped down 
the axis of the tube, and the time it takes to traverse the last 15 cm is noted. 
The tubes are calibrated with castor oil of known visco.Hitv and the constant 
obtained. In the viscometer of Farrow and Neale this varied from 0-404 to 
0 412 Th.it IS, the time of fall in seconds of a steel bail ,'rt-incli in diameter 
through 15 cm multiplied by this factor gives the viscosity of the solution tested 
in 0 G S units The authors concluded that the viscosity of a 2 per cent solution 
responded very delicately to small variations in the treatment a])plied to the 
cloth As a general rule over-treatment at any stage causes low viscosities, and 
it IS suggested that measurements of the viscosity of samples taken at each 
stage would give the bleacher a meaiLs ot contndling the extent to which the 
goods are attacked by the chemical treatments he employs. Many other details 
are given in the original paper, which should be consulted 
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SODIUM HYPOCHLORITE, CHLOROUS ACID, CHLORIC 
ACID, PERCHLORIC ACID. 

Sodium Hypochlorite, NaOCl. 

Solutions of sodium hypochlorite are used frequently instead of bleaching 
powder They have advantages in the case of fine goods Sodium hypochlorite 
IS readily soluble m water, and can be washed away with water more completely 
than a solution of bleaching powder. It does not produce any insoluble by- 
product, and there is less danger of harshness in the finished goods When it is 
hydrolysed by water, sodium hydroxide and hypochlorous acid are formed, and 
when decomposed by carbon dioxide, readily soluble so lium carbonate , that 
is, all the ])roducts of the reaction are completely soluble, and hence no sour is 
necessary to dissolve them, washing with water being suffieient These reactions 
are shown in the equations 

NaOCl-bHjO .^NaOH-hHOtn, 
2Na0Cl4-C0j-fH*0=^NagC0s-+-2H0Cl 

The bleaching action of a solution of sodium hypochlorite is developed less 
ra]»idly, but can be controlled more easily, than that of a solution of bleaching 
powder This is due to a combination of causes Sodium hydroxide is a stronger 
base than calcium hydroxide, and its salts are not, therefore, hydrolysed by water 
to so great an extent. Thus, the free hypochlorous acid in the solution is also 
less than in a corresponding solution of bleaching powder Hut sodium hydroxide 
IS much mure soluble iii water than calcium hydroxide A solution of bleaching 
powder can never contain more calcium hydroxide than is required to saturate 
the water When carbon dioxide acts on the solution, some of the calcium 
hydroxide is removed as calcium carbonate, and this promotes the liberation of 
more hypochlorous acid by hydrolysis Moreover, when the calcium hydroxide 
is reduced to a certain point, chlonne is probably produced by a reversion of 
the equation 

2C'aOH-|-2Cl,=?^CaCljs-i-Ca (OCl)g-f 2HgO. 

Now, m the case of sodium hypochlorite, both the sodium hydroxide and sodium 
carbonate remain in solution, tending to stabilise it The accumulation retards 
both the liberation of hypochlorous acid by hydrolysis and also the reversion of 
the equation 

2NaOH-+ Clg^NaCl f NaOCl-(-HgO 

It is, in fact, found in practice that the action of atmospheric carbon dioxide 
in developing the bleaching action of solutions of sodium hypochlorite is com- 
paratively small. It IS not unusual to have to neutralise a portion of the 
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accumulated alkali or render it insoluble by the addition of a soluble salt 
of magnesium. 

This method of replacing a soluble by a less soluble alkali or a strong by a 
weak alkali is of practical interest. When a solution of a soluble calcium or 
magnesium salt is added to one containmg sodium or potassium hydroxide, the 
hydroxides of the alkaline earths are formed together with the sodium salt of 
the acid — 

2NaOH+GaCl,=Ca(OH)j+2NagCl, 

2 Na 0 H+MgS 04 =Mg(OH)jj+NajS 04 . 

Calcium hydroxide is sparingly soluble and magnesium hydroxide almost 
insoluble in water. If excess of magnesium sulphate be present in a solution 
of sodium hypochlorite, the sodium hydroxide is removed from the solution as 
quickly as it is produced by hydrolysis. Magnesium hypochlorite affords an 
interesting example of the combined effects of hydrolysis and simultaneous 
removal of the alkali from the sphere of action. It undergoes hydrolysis in 
accordance with the equation 

Mg(0Cl)j+2Hj50==^Mg{0H)g+2H0Cl. 

Owing to the insolubility of the magnesium hydroxide, there can be practi- 
cally no alkah in solution, and, hence, nothing to hmit the hydrolysis of the 
hypochlorite As a matter of fact, magnesium hypochlorite is so rapid a bleach- 
ing agent that its action is difficult to control. 

The Preparation of Sodium Hypochlorite Bleaching Solutions. — Three 
methods are available — 

1 . By passing chlorine gas into a cold solution of sodium hydroxide or 
carbonate 

2 By treating bleaching-powder solution with sodium carbonate, sulphate, 
or hydroxide 

3. By the electrolysis of a solution of sodium chloride. 

Before liquid chlorine became an article of commerce cither methods (2) or 
(3) were usually employed. Sodium h)qK)chlorite, prepared by the electrolysis 
of salt, was considerably used at one time It will be described later The 
production of liquid chlorine in a convenient form and at a reasonable cost now 
makes it possible to prepare sodium hyjiochlorite solutions very easily. 

When a cold concentrated solution of sodium hydroxide is saturated with 
chlorine and concentrated at a low temperature, crystals of sodium hj^ochlorite, 
NaOCl 6 H 2 O, nearly free from sodium chloride, are deposited. Eau de Javelle 
has been described in Chapter XXllI. Inman [J. Soc Dyers and Col., 1923, 
p. 81) has proposed preparing this in contact with the cotton It is known that 
it IS difficult to free cotton completely from alkali after the lye boil He sug- 
gests that the residual adsorbed alkali could be converted into sodium hypochlonte 
on the cotton by treatment with chlorine As an alternative it is proposed to 
soak the goods in a solution of sodium carbonate of suitable strength and then 
expose them to the action of chlorine gas in a closed chamber, the degree and 
rate of bleaching being determined by the quantity of chlorine admitted. The 
process is worth further investigation 

Stock or dilute solutions of sodium hypochlorite, contaimng sodium chloride, 
can be prepared readily by passing chlonne into a cold aqueous solution of sodium 
hydroxide or carbonate. But care must be taken to keep the temperature low 
or sodium chlorate is also formed. 
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The reactions are — 

2NaOH+Cla^NaCl+NaOCl+HaO, 

6NaOH+3Clg=5NaC] +NaC10s+3Ha0. 

Secondly, a little free alkali must be left in the solution. If the whole of the 
caustic alkali be chlorinated, the solution is somewhat unstable and develops 
its bleaching action too rapidly. When a neutral bleaching solution is required 
it can always be made by adding a httle acid or magnesium sulphate. A solution 
containing from 100 to 150 grammes of available chlorine per htre can readily 
be obtained in this manner The same remarks apply when sodium carbonate 
IS used. The passage of the chlorine through the solution should be stopped 
directly the evolution of carbon dioxide is observed, indicating that the sodium 
carbonate has been changed into sodium hypochlorite and bicarbonate — 

2 Nai,C 03 +Cla+HsO=NaOCl+NaCl+ 2 NaHC 03 . 

The alkalinity of the solution should then be restored by the addition of a little 
normal sodium carbonate. If the introduction of chlorine be continued beyond 
this point, hypochlorous acid is liberated and the bleaching hquor is unstable 
and too rapid in action — 

2 NaHC 03 +Cl 2 =H 0 Cl+NaCl+C 03 

A solution of sodium hyjiochlonte can be made, also, by treating a clear solution 
of bleaching powder with powdered sodium carbonate or sulphate till no further 
precipitate is produced. The precipitated calcium carbonate or sulphate is 
then allowed to settle (or the mixture is filtered) and the clear liquor drawn off — 

(1) Ca(C 10 ) 3 +Na 3 eO 8 = 2 Na 0 Cl+CaC 03 

(2) OaClj+NagCOj = 2 Nari+CaC 03 

(3) Ca(0H)2+Na3C03=2Na0H+CaC03. 

This process is rather troublesome and a slight excess of sodium carbonate is 
always present This is not necessarily a disadvantage, since it increases the 
stability of the solution 

A more accurate method is to determine by experiment the correct quantity 
of sodium carbonate to use, and weigh this out and dissolve it separately in water 
The bleaching powder is first extracted in the manner already described The 
clear solution is run into a suitable tank, provided with a sludge cock, by means 
of which the precipitate may be removed. The liquor is then titrated to ascertain 
its strength in terms of chlorine or hypochlorite. The alkalinity is also deter- 
mined, and from these the correct quantity of sodium carbonate is calculated. 
This IS dissolved in water and added to the bleaching-powder solution. After 
thorough mixing, the precipitated calcium carbonate is allowed to settle and the 
clear liquor syjihoned off for use. If concentrated solutions are required, it is 
necessary to fortify the first liquor with more bleaching powder and repeat the 
process, since, after a certain point, the precipitate becomes too bulky to mani- 
pulate. Instead of sodium carbonate, sodium hydroxide may be used. The 
process is exactly the same. The tanks used in all cases must be of stone or 
cement 

A still more accurate method is to determine the total lime present in the 
bleaching-powder solution. This is done by dduting a measured volume and 
boilmg it with hydrochloric acid till the chlorine is expelled. The solution is 
then made alkaline with ammonia and any precipitated alumina or iron removed 
by filtration. The calcium is precipitate by adding sohd ammonium oxalate 
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to the boiling filtrate The precipitated calcium oxalate is filtered off on a 
Gooch crucible, washed, dissolved in dilute sulphunc acid, and titrated with 
decinormal potassium-permanganate solution corresponding to 0'002 gramme of 
calcium, and will require 0’U053 gramme of anhydrous soium carbonate for its 
precipitation 

Preparation of Sodium Hypochlorite by Electrolysis. — Pure water does 
not conduct electricity, but when compounds, such as acids, alkalis, or salts, are 
dissolved in it, the solution becomes a conductor. These substances, which are 
able to conduct electricity, arc termed “electrolytes.” Other bodies, such as 
sugar, do not confer this, however, upon water, and are known as “ non-electro- 
Ijrtes ” When a current of electricity is passed through a solution of an electro- 
lyte, the latter, as a rule, is decomposed. But the products of decomposition 
appear only at the electrodes, or plates, immersed in the solution and connected 
with the poles of the battery 

Electrolytes, when dissolved in water, dissociate partially into ions. These 
may bo either atoms or groups of atoms 

Thus, sodium chloride dissociates into sodium (Na) and chlorine (Cl) ions , sul- 
phuric acid into hydrogen (2H) and SO4 ions These ions are charged with equal 
quantities of positive or negative electricity When they combine to form the 
molecule of the electrolyte, these charges neutralise each other and the molecule 
becomes neutral , but when the molecule dissociates, the ions become again 
charged with equal and opposite charges of electricity This dissociation and 
recombination is always going on Thus, a solution of sodium chloride in water 
contains (1) molecules of sodium chlonde in which the two charges neutralise 
each other, (2) sodium (Na) ions charged with positive electricity, (3) chlorine 
(Cl) ions charged with negative electncity A solution of sodium sul])hate, 
similarly, contains neutral sodium sulphate molecules, positively charged sodium 
10ns, and negatively charged SO4 ions In general, an electrolyte dissociates 
into a metallic ion (or hydrogen), and an ion consisting of a group of elements, 
such as SO4 The former are charged with positive and the latter with negative 
electricity. Now, ions charged with positive electricity are attracted to the 
negative electrode pole of a battery, those charged with negative electncity to 
the positive electrode Hydrogen and metals which are attracted to the negative 
electrode are termed “ electro-positive,” and the other 10ns “ electro-negative ” 
When an electric current is passed through a solution of an electrolyte, by 
immersing in the liquid two plates or electrodes connected by wires to the poles 
of a battery, the negatively charged ions are directed towards the positive 
electrode (called the anode), while the positively charged ions travel towards the 
negative electrode (or cathode) The ions themselves are termed “ anions ” 
and “ cations ” respectively As these amons and cations arnve at the electrodes 
their electric charges are neutralised by the opposite electncity of the electrode, 
and instead of electrically charged ions, the products of decomposition of the 
electrol3d;e are apparent. These, in the case of hydrochloric acid, are gaseous 
hydrogen and chlorine 

When a solution of sodium chloride is electrolysed, positively charged sodium 
ions and negatively charged chlorine ions are directed towards the electrodes. 
When the sodium ion reaches the cathode and loses its electric charge it becomes 
an atom of metallic sodium, possessing all the chemical properties of the metal. 
But sodium decomposes water directly it is brought into contact with it, forming 
sodium hydroxide and hydrogen — 


Na-fH,0=NBOH-HH. 
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Hence, a solution of sodium hydroxide collects round the cathode, and hydrogen 
gas IS liberated. Owing to these secondary reactions the final products of 
electrolysis are not necessarily the electrically discharged ions. 

This decomposition can readily be illustrated by moistening a piece of filter- 
paper with a solution of salt and phenolphthalem, and bringing the two terminals 
of a battery in contact with it. A pink colour is immediately produced at the 
negative electrode or cathode This test is used also to identify the cathode or 
anode. 

Kut chlorine and sodium hydroxide react, forming sodium hypochlonte and 
sodium chloride — 

2Na0H-|-Cla=Na0Cl-|-NaCl-fH*0. 

If the two electrodes are separated by a porous diaphragm so that each is 
in a separate part of the cell, this does not happen, and the products can be 
collected separately. Chlorine hydrogen and sodium hydroxide are made 
simultaneously m this way 

If the electrodes are not separated, nor any other means provided to prevent 
it, the sodium hydroxide and chlorine gradually come into contact by diffusing 
through the water, and sodium hypochlorite is formed Instead of a diaphragm, 
mercury is sometimes used to keep the sodium and chlorine separate The 
cathode of the cell is made of this metal It dissolves the sodium as soon as it 
IS liberated, forming sodium amalgam This amalgam, which is constantly 
circulating, passes at once into another vessel containing water, where it forms 
sodium hydroxide and hydrogen The mercury then flows back into the cell 
and receives more sodium. 

If the electrodes are, purposely, placed very close together, the sodium 
hydroxide and chlorine are brought together much more quickly than when the 
poles are some distance apart, and nearly all of the chlorine is changed into 
sodium hyiiochlorite 

These are the principles of the electrolyte preparation of this body Both 
methods may bo used, viz — 

1. The chlorine and sodium hydroxide may be collected separately and made 
to react on each other, i.e a double cell is used. 

2 A single cell is employed, and sodium hypochlorite is produced directly 

The second method is more common, the solution of sodium chloride being 
circulated continuously until a sufficiently high concentration of sodium hypo- 
chlorite IS produced. 

The apparatus used consists essentially of — 

1. A tank for the salt solution. 

2. An electrolyser and circulating tank. 

3. A storage tank for the electrolysed solution 

The electrolyser consists of a number of cells The electroljde pa.sses through 
these successively between a senes of electroties, between which is maintained 
a sufficient difference of electric potential to produce a current. The successive 
arrangement of the electrodes is illustrated in fig 159. 

The electrol 3 rte can flow either in senes, as m (1), or in parallel stream, as 
m (2) 

The continuous process presents some difficulties These are due, chiefly, to 
(1) secondary reactions which take place at the electrodes, (2) the simultaneous 
decomposition of water with liberation of hydrogen and oxygen. 
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This means that the reactions 

(1) NaCl =Na+Cl, 

(2) Na+HjO =NaOH4-H, 

(3) 2NaOH-f2Cl=NaOCl+NaCl+HaO, 

are not the only ones which take place. 

The secondary reactions include — 

1 Reduction of hypochlorite to chloride by the nascent hydrogen liberated 
at the cathode — 

NaOCl+2H=NaCl+HgO 

2 The discharge of oxygen at the anode from the OCl ions, which are formed 
when a certam amount of sodium h)rpochlonte has been produced — 


NaOCl=Na+OCl 



Fro IfiO — HirerlionB of current and elec'trolytc 


This action is accompanied by the formation of hypochlorous and chloric acids. 
Thus 

(1) 20C1+Hjs0 =2H0C1+0 

(2) C)O()l+3HaO=2HnO3+401+4H43O. 

3 Oxidation of hTOochlorite to chlorate, and also its decomposition into 
NaCi— 

(1) NaC10+2H0Cl=NBC10s+2HCl 

(2) Na(’10+HCl =NaCl+HOCl 

(3) 2NaC10+03 =2NaCl+202. 

Chlorates are not easily formed as long as the solution is alkaline. The 
electrolyte, however, in the neighbourhood of the anode tends to become acid 
owing to the decomposition of water by the hberated chlorine, in accordance 
with the equation 

Cl,+H,0=2HCl+0. 

Both the oxygen and hydrochloric acid cause secondary reactions, as illus* 
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trated above. According to Ahlin (J S.C.I., 1908, p. 409), the formation Of 
chlorates is due not only to the direct oxidation of hypochlorites, but is caused 
by reaction between the chlorine and OH ions product from the water — 

CI+50H=HC108+2Hj0. 

The current density also influences these reactions. The accumulation of 
acid can, of course, be prevented by neutralismg the acidity at the anode, but 
any excess of alkali reduces the bleaching activity of the liquor. Alkali pro- 
duces stability and militates against rapid bleaching — ^in fact, when the electro- 
lytic liquor is alkaline, there is little or no saving of available chlorine in com- 
parison with a bleachiiig-powder solution. The formation of chlorates is also 
favoured by high temperature. The remedy for this is rapid circulation of the 
liquor in the cell and cooling externally by means of a water-cooled worm But 
excessive cooling reduces the conductivity of the electrolyte. The usual tem- 
perature employed is about 20° C., with a maximum of 40° C. 

The use of horizontal electrodes with the cathode at the top of the cell also 
diminishes the secondary reactions by allowing the hydrogen to escape rapidly 
without coming into contact with the hypochlorite, and, by inducing the strati- 
fication of the electrolyte, helps to protect the sodium hypochlorite from being 
attacked by the acids and oxygen. 

Not only does oxidation take place at the anode, but corresponding reduction 
IS also set up at the cathode, resulting m the reproduction of sodium chloride 
The amount of reduction increases with the concentration of the hypochlorite, 
until ultimately a point of equilibrium is reached, when the hypochlorite is de- 
composed as quickly as it is formed. 

Reduction is, as we have seen, retarded by the horizontal arrangement of 
the electrodes The escape of the hydrogen m the form of bubbles of molecular, 
as opposed to nascent, gas is also encouraged by high current density, or the 
addition to the electrode of such bodie-s as turkey-red oil, or of small quantities 
of calcium or magnesium salts. The latter, becoming electrolysed, produce a 
deposit of calcium or magnesium hydrate on the cathode, in accordance with the 
equations 

CaCl,=Ca-|-Cl„ 

Ca-|-2H*0=Ca(0H)g-FHj. 

This coating does not interfere with the conductivity of the cell, but assists in 
the li Deration of the hydrogen in a molecular state, in which condition it has no 
action on the hypochlonte It also serves to keep the hydrogen from contact 
with the hypochlorite at the surface of the cathode. A better effect is produced 
by potassium chromate, but, owing to its colouring effect, it is not available in 
the practical production of bleaching liquor. The natural lime and magnesia 
compounds present in salt are not generally sufficient for the purpose, and must 
be supplemented by further very shght additions. 

Other considerations affecting the secondary reactions are that high current 
density at the cathode lessens the above- mentioned reduction effect. Low current 
density at the anode diminishes the liberation of oxygen, and is favourable to 
the prevention of chlorates, but increases the tendency to discharge of OCl. 
The most effectual combination of conditions in favour of efficient working are 
found to be — 

1. High current densities at both electrodes. 

2 Temperature of liquor about 23° C. 

3. Addition of lime or hme compounds to lessen reduction by hydrogen. 
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4. Horizontal arrangement of electrodes. 

5. Fairly rapid circulation of liquor. 

Where the vertical arrangement of electrodes is employed, the detnmental 
mingling of the several constituents of the electrolytic cell is very marked, and 
it is then more economical to^imit the concentration of hypochlonte obtained to 
a yield of say 9 grammes of chlorine per litre or less 

In the other cases the economical yield may he increased to 35 grammes of 
chlorine per litre, such figures having been obtained by the authors in testing 
apparatus of the Vogelsang and Kother type respectively. 

Sodium Chloride, NaCl. — Since sodium chloride or salt is the raw material 
for the production of electrolytic bleaching hquors, it may be referred to bnefly. 
It occurs in nature in aU parts of the earth, and is the principal constituent of 
sea-water Rock-salt is found in Cheshire, Worcestershire (Droitwich), Saxony, 
Austria, Spam, and the United States of America It forms large transpareiit 
crystals, which are colourless, grey, reddish yellow, or brown The most important 
deposits are found in Galicia, where the beds of rock salt are said to be 500 miles 
long, 20 miles broad, and 1200 feet in depth The Stassfiirt salt beds are also 
important These form the chief source of potassium compounds as well as salt 
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According to Mellor {Modesn Itiorgantc Chemistry, p 224) these beds may be 
divided into four strata, illustrated in fig 160 

1. The rock-salt bed is broken up at fairly regular intervals with 2- to 5 inch 
bands of anhydrite, CaS 04 . 

2. The polyhalite bed, which lies immediately above the rock-salt, consists 
of salt mixed with bands of magnesium chloride and polyhalite, 2CaSO. MgSO.. 
KjS 04 2H*0 

3. The kieserite bed contains rock salt and kiesente, MgSO* HjO. 

4. The camallite bed consists of a reddish layer of rock-salt associated with 
kainite, K 2 SO 4 MgSO, MgClj 6 HsjO ; camallite, MgCl* KCl fiHjO ; and other 
minerals, such as sylvine, KCl, and leonite, MgS 04 K 2 SO 4 4HgO. 

These deposits are covered with layers of gypsum, CaS 04 . 2 H 20 , anhydrite, 
CaS 04 , rock-salt, hunter clay shales, and finally the surface soil. They are 
used pnncipally for the preparation of potassium and magnesium salts 

Much salt IS obtained by evaporation of sea-water, especially in districts where 
^mo mineral salt occurs The water is collected in large shallow pools, and allowed 
to^evaporate under the action of the heat of the sun till it begins to crystallise. 
Th^crystals are removed by means of rakes as they are deposited. Salt is also 
obtaifFed from natural salt beds These are sometimes pure enough to dig out, 
but frequently it is extracted by pumping in water, allowing it to become 
saturatec^, and pumping it out again. Most of the impurities are left behindp 
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and the brine thus obtained is concentrated by evaporation or exposure to air 
till it crystallises In Hodgkinson’s apparatus a senes of shallow evaporating 
pans arc used, arranged vertically one above the other The lowest is heated by 
flue gases The steam given ofl from the first pan is led through a false bottom 
to a second, and the process is continued throughout the series Each pan has 
a mechanical scraper which removes the salt crystals into pockets from which 
they may be extracted The temperature of the pans is maintained constant, 
and in this way uniform products are obtained from each pan, the degree of fine- 
ness decreasing from the bottom upwards Salt prepared by these methods always 
contains soluble impunties, such as sulphate of sodium, chlondes and sulphates 
of calcium and magnesium. Pure sodium chloride is made by passing hydro- 
chloric acid gas into an aqueous solution of common salt till it is saturated, when 
the salt IS precipitated, the impunties remaining in solution. Salt is also re- 
covered as a by-product in the manufacture of glyoenn from soap lyes. Sodium 
chlonde forms anhydrous ciystalhne colourless cubes. When heated it gener- 
ally decrepitates, owing to the escape of mechanically entangled moisture. It 
melts at 801° C and boils at 1750° C Salt is moderately soluble in water Its 
solubility at different temperatures is 

0°C ... 3563 

50° C. . . 36 67 

100° C . 39 12 

The relation between specific gravity and the concentration of the solution 
at 15'5° C IS given in the following table • — 


"» — 

Specific (Jravity 

NaCl 

Per cent 

SjK'Oifio Gravity 

NaCl 

Per cent 

Specific Gravity 

NaCl 

Per cent 

1 (X)72.i 

1 

1 0733.'> 

■■ 

1 14315 

19 

1 0U.W 

2 

108097 


1 15107 

20 

1 02174 

3 

1 08859 


1 15931 

21 

1 02899 

4 

109622 


1 1675.> 

22 

1 03024 

5 

1 10384 

14 

1 17580 

23 

1 04300 

0 

1 11140 

15 

1 18404 

24 

1 05108 

7 

1 11938 

10 

1 19228 

25 

105851 

8 

1 12730 

17 

1-20098 

20 

1 06593 

9 

1 13523 

18 

1 20433 

26 395 


In addition to the impunties mentioned above, traces of iron may also be 
present The following analyses show the composition of two commercial 
samples — 



1 

2. 

Water . ... 

0-08 

0 70 

Sodium sulphate 

1 88 

130 

Caloium „ ... 

000 

0 85 

Sodium ohlonde .... 

97 44 

9715 


The Analysis of Salt. — ^About 5 grammes of the sample are heated in a 
weighed flat dish to a temperature of about 110° C. till all the moisture present 
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is expelled. The residue is then cooled m a desiccator and weighed. If it is 
yellow or brown in colour iron may be present If the dried residue is ignited 
very gently, any further loss of weight indicates organic matter 

A second .5 grammes of the sample are then extracted with water. The 
insoluble matter is collected on a weighed Gooch crucible, dried, and weighed. 
The filtrate is made up to a convenient volume, say 500 c c.,_ with distilled water, 
and the sodium chloride present is determined by titration with decinormd 
Bilver-uitrate solution Calcium sulphates and other impurities are determined 
in the solution in the manner described for water. 

Types of Electrolytic Apparatus. — There are many forms of apparatus 
designed for the production of electrolytic bleaching liquors A few of these 
may be described, in order to illustrate the general principles involved. One 



a a* a" 



of the first to be used commercially was the Kellner clectrolyser (fig 161). Its 
chief feature was the introduction of bipolar electrodes, in o^er to avoid multi- 
plicity of contacts and to render the apparatus suitable for using with a current 
of ordinary standard voltage, such as is employed for lighting. _ This feature is 
of interest, because the voltage required for the electrolytic action in any given 
cell is in the neighbourhood of four volts, and the generation and transmission 
of electricity at this pressure involves the use of inconvenient or abnormal 
apparatus. The following description, taken from the patent specification, 
illustrates the details of the ajiparatus It should, however, be pointed out 
that the practice of combining the preparation and use of the liquor as described 
is to be deprecated, whether in connection with this or any electrolyser, as the 
impurities introduced into the electrolyte hindw electrolysis. 

KeUner's Apparatm (Eng. Pat. 13723) —The apparatus consists of a trough 
A of non-conducting material covered with a lid B, and provided on two opposite 
sides with grooved nbs a, a\ a*, and 6, b\ 6*. 6". These ribs are arranged so 
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that those on one side face a space between two on the other, and vice versa. 
Electrodes 1, 2, and 3, preferably of carbon, or metal plates covered on one side 
with platinum, are fitted into the grooves in the nbs, as shown m the figure, so 
that the free end of each projects into the space between the pair of nbs on the 
opposite side of the trough. The end electrodes project from the trough through 
the cover. The liquid to be electrolysed enters A through the pipe D, pursmng 
a zigzag course between the electrodes, and is discharged through E. The 
alternate arrangement of the electrodes converts each space between two neigh- 
bouring electrodes into a separate cell, one side of each electrode being an anode 
and the other a cathode. Thus, supposing the current enters at the electrode 1, 
and leaves at the electrode n, the electrode 1 will then be an anode, the side of 
2 next the electrode 1 being a cathode, and the further side acting as an anode 
and so on The arrangement is thus seen to be similar to a series of separate 
cells arranged in series, only two contacts being necessary, one for the first and 
another for the last electrode The plan by which the free end of each electrode 
enters a space between two nbs prevents any portion of the current flowing from 
the fixed end of one electrode past the free end of the adjacent one, and through 
the electrolyte to the succeeding electrode. By this means loss of electrical 
energy is avoided, the current following the path of least resistance, and passing 
from electrode to electrode direct, without any portion taking the zigzag course 
followed by the electrolyte. The distance between the electrodes being very 
small, no diaphragms are used, so that the internal resistance of the apparatus 
can be made very small As the solution of common salt passes through the 
cells, chlonne is formed at all the anode sides of the electrodes and caustic soda 
at the cathode sides. The rapid circulation of the liquid through the cells causes 
the chlonne formed to be at once brought into contact with the caustic soda, 
whilst the hydrogen formed at the cathodes is removed rapidly, and prevented 
from interacting with the sodium hypochlonte formed — 

2Na-l-2HgO =2NaOH-fHg, 
2NaOH-l-Clj=NaOCl+NaCl+HjO 

The bleaching liquid is conveyed through E back to the onginal reservoir, 
containing the matenal to be bleached, by means of a pump, so that constant 
circulation through the bleaching reservoir and decomposing apparatus is 
maintained. When carbon electrodes are employed, a filter is interposed between 
the decomposing tank and the bleaching reservoir , this filter may consist of 
glass-wool confined between perforated metal plates 

The Haas-Oettd apparatvs recommended by Duckworth {JSCl, 1905, 
p. 1157), from whose paper the following description is taken, consists of an 
electnc cell or electrolyser, made of asphalt composition, placed m a water-tight 
tank, which is carefully insulated to prevent waste of current The electrodes are 
on the double pole system , that is, with one pole at each end of the apparatus, 
and a number of intermediate electrodes that have no contact with each other 
or with the current, except as the latter passes through the solution. The end 
and vertical pole electrodes are of carbon, | inch thick, reaching to the bottom 
of the electrolyser. The intermediate electrodes consist of carbon plates, } inch 
in thickness, fitted into grooves on each of the apparatus, and dividing it into 
numerous cells or compartments. The intermediate electrodes do not reach to 
the bottom of the tank, and start some distance below the surface They rest 
upon a non-conducti^ plate of the same thickness, and support a similar non- 
conducting plate projecting above the surface of the liquid. This arrangement 
allows dirt, etc., to collect in the dead or non-conducting space, and since the 
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liberated chlorine gas has to travel through a considerable head of liquor, it 
is completely absorbed, and the loss is reduced to a minimum Although the 
separate cells do not communicate with each other, each has an opening into the 
tank at the top and bottom The tank is filled with bnne till the cells are filled 
to the top. When the current starts, the liberated hydrogen gas causes the 
liquor to overflow into the tank through the upper opening, and thus continuous 
circulation is maintained, more liquor being drawn in to replace the overflow 
through the lower opening. The current used is a continuous one of 110 volts. 
The temperature is regulated by means of water coils and not allowed to rise 
above 28° C 

According to Reuss {Electrical Review, 1911, p 410) the yield of a modern 
Oettel electrolyser with carbon electrodes is at the rate of about 8'4 kw hours 
and ]0'7 kg. of salt per kilogramme of available chlorine For an electrolyser 
producing 10'5 kg of available chlorine, the cost of replacing electrodes is about 
£4, 10s. per annum 



Kio 162 — Vogelsanfr plcctrulysci 

Kellner {JSCI, 1901, p. 131 ) uses more dilute solution of sodium chloride 
than Haas and Oettel He maintains that, although at a lower concentration 
more electrical energy per kilogramme of active chlorine produced is required, 
the extra cost of energy is balanced by the lower consumption of salt. Tests 
carried out by him with apparatus of the Kelbier and Haas and Oettel types 
under similar conditions seem to prove that the Kellner form is cheaper, owing 
to the greater current density employed. 

Vogehang’s apparatus (fig 162) embodies the same pnnciple as the Kellner, 
but IS built with considerably less expenditure of platinum to effect the same 
output. The electrodes extend the full width of the containing vessel, and the 
flow of liquor is under ,ind over the bipolar electrodes (fig 163). The economy 
of platinum is effected by building the electrodes of slate bars, around which 
are folded in zigzag form a sheet of platinum-indium foil 0-03 mm thick, and 
presenting active faces on opposite sides of the electrodes. The product of the 
width of the electrode across which the foil extends, and the thickness of the 
foil, presents a conducting area adequate to the passage of the current between 
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the active faces. The result is a cheap electrode of great mechanical strength 
and capable of effecting high current densities inadmissible with carbon 
electrodes. 

The use of the exceedingly thin platinum foil in these electrodes would be 
inadmissible unless protected, as described, by insulating plates placed behind 
the anode and cathode surfaces. The reason for this is not merely on account 
of the mechanical support which they afford, but because it is found that if the 
electric current be allowed to pass straight through the foil, perforation of the 
foil is produced. If, however, the anode and cathode surfaces of the same foil 
be not placed immediately opposite one another, and are also backed with in- 
sulators, this perforation does not take place. 

An important consideration in the arrangement of electrodes is the pro- 




portioning of the sectional area conducting the current through the electrode, 
and also the superficial area in contact with the electrolyte. The former affects 
the losses of power in transmission through the electrodes, and the latter has 
been already referred to as bearing on the secondary losses occurring dunng 
electrolysis In the Vogelsang electrodes the allowance for the current density 
in the former respect is at the rate of 25 amp per square centimetre, and lu the 
latter, 50 amp. per square decimetre. 

It 16 found that calcareous deposits from the electrolyte are apt to form 
on the insulating plates, and occasionally require removal by washing or a 
mecbanical scraping. 

In the Thorp electrolyser (fig. 164) a sheet of platinum foil is supported by 
lusulatmg plates fixed on its opposite sides, and slightly overlapping each other 
where they join. The amount of inactive foil, which serves merely to conduct 
the current from a cathode and anode of the same foil, is thus reduced, with 
corresponding saving in platinum , also the anodes are protected from mechanical 
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injury during the occasional removal of the accumulated deposits from the 
insulators. 

A cheaper form of electrode is made by Kother (fig 165), in which the anode 
is made of platinum foil and the cathode of graphite, as it is found that it is 
possible to use a carbon electrode for the cathode with tolerably good results 
and considerable reduction of initial cost. 

The disintegration of the platinum foil in the manner above mentioned is 
prevented in the Kother electrode by inserting an insulating substance, such as 
glass, between the intenor surfaces of the two elements Electncal continuity 
IS efiected by connecting the elements at their edges where they are out of 
contact with the electrol)d:e. This electrode may be used either vertically or 
honzontally 

Despite the vanous methods adopted to increase the utility and efficiency 
of vertical electrodes, the maximum economy and production of concentrated 
solutions of hy^iochlonte in an open cell can only be obtained by arranging the 
electrodes honzontally, for the reason already given 

The accompanying drawing illustrates an apparatus designed by Thoip 
(fig 166), on the basis of Kother’s patent, in which the platinum electrodes are 
arranged horizontally. By the arrangement of the cells m a series of steps the 



Anode y 
Platinum ''Gtaas 

Plan oF Electrode 

Flo 105 — Kother’s composite electrode 


bipolar electrodes, which consist of narrow stnps of foil serving adjacent cells, 
assume a simple and economical form 

The flow of liquor through the apparatus is efiected endwise, either in series 
or in parallel streams. This apparatus produces a concentration of hypochlorite, 
indicating a strength of 35 grammes of chhonne per litre when small quantities 
of lime and turkey-red oil are used with the electrolyte, and the expenditure of 
salt and power represent a working cost not exceeding f i, lOs. for the equivalent 
of one ton of bleaching powder under the conditions normally obtaining in 
bleach-works 

FMay’s cdl is characterised by the use of a double diaphragm {Science 
Abstracts, 1910, p 14) and central brine compartment, the brine flowing con- 
tinuously from the central compartment through the diaphragm to the anode 
and cathode compartments, and thence to suitable outlets. The compartments 
are made by placing thin rectangular frames of waxed cardboard, about 2 to 3 
mm thick, between the diaphragms, which consist of asbestos The layers of 
the electrolyte are thus simply thin sheets of liquid in which the electncal re- 
sistance per square foot is reduced to a minimum The anodes ate made of 
rods of Acheson graphite and the cathodes of sheet iron. The counterflow of 
the electrolyte aids in reducing the loss of efficiency caused by the passage of 
hydroxyl ions to the anode, and by diffusion and convection of the dissolved 
chlorine to the cathode A feature of the cell is the absence of secondary 
reactions. 

In order to obtain bleaching solutions the chlorine and sodium hydrate may 
be mixed outside the cell. 
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O. Grant Hepburn (J Soc Dyers and Col , 1924, p 251), in a comprehensive 
paper, brings the subject up to date, and from which the following descnption 
IS taken. The conditions which an electrolyser should fulfil are — 

1 Long life of the constructional materials 

2 The constructional matenals entenng into the design must be such that 
they are not the limiting factor m output 

3 Minimum current leakage 

4 The greatest possible simplicity of feed to, and delivery from, the individual 
cells, condition (3) being specially borne m mind 

5 W orking costs per kilogramme of chlorine to be not greater than those of 
any other apparatus producing electrolytic sodium hypochlorite 

The electrolysers made by Messrs Mather & Platt, Ltd , fulfil these conditions. 
The following information concerning these is given by the makers — 

The SiV(nte( ri-cell Horizontal Flow Type — The electrolyser shown in bg 167, 
designed for medium outputs, consists of a shallow rectangular container of special 



Fio 167 — Patint electrolyser — liun/ontal flow typi 

glazed earthenware, divided into ,i number of tells bv plates of graphitic tarbon 
The channels between the carbon plates are continued .xt cither end by walls 
formed of glass plates, of such cross section as to restrict the flow to the appro- 
pnate rate, and to prevent leakage of current through the electrolyte A chamber 
in one end of the container receives the electrolyte from the jiump, whence it 
flows over a glass weir into the several channels This ensures an equal flow 
through each cell At the other end of the cell the channels deliver into a second 
chamber from which the electrolyte falls into the circulating tank below Two 
end carbon plates form the terminal electrodes, and are connected to the positive 
and negative poles of the dynamo or source of electric supjily It will thus be 
observed that there is nothing used in the construction of the cell which is, or 
can be, acted upon chemically by the solution, or electrolytically by the electric 
current, excejit the carbons These can be very easily removed and replaced 
at small cost 

The electrolyser — or electrolysers, If seyeral are necessary for the required 
output— IS installed above a tank containing the brine solution, prepared by 
dissoLing common salt, as free from impunties as can conveniently be obtained, 
in pure water The pump draws the brine from this tank and delivers to the 
container, whence it again falls into the tank When the brine flows from the 
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exit end of the electrolyser, the current is switched on. A hvely evolution of 
hydrogen at once takes place in the cells and a slight smell of chlorine is notice- 
able, but it 18 of no consequence. The direction of flow of the current should be 
reversed at the stated intervals mentioned in the working instructions, by means 
of the change-over switch 

When by the passage of the current the brine has been brought up to the 
required degree of chlorine strength, it is pumped into the storage tank, which 
should be covered over, as the liquid slowly deteriorates when exposed to air 
and hght. The deterioration is very gradual, and the bleaching liquor may be 
stored, if necessary, for two or three days ; it is better to use it the same day 
as, or the day after, it is made. The bleachmg solution prepared as described 
may be stor^ at 1'2 per cent, chlorine strength, and reduced by addition of 
waW to any desired strength, according to the requirements of the particular 
bleaching operation 

In general, it is found that a 15 per cent, salt solution is the most economical 
to use ; brine of this strength is made by dissolving lbs. of salt in 1 gallon of 
water The solution is circulated by a pump through the electrolyser at approxi- 
mately 7 gallons, or 30 htres per minute per electrolyser. The circulation of 
the bnne and the passage of the current are continued till the brine contains 
from 12 to 12J grammes of available chlonne per litre During this period the 
temperature of the brine as observed at the inlet end of the electrolyser must 
be kept within the limits, of 22° to 32° C , and must not be allowed to rise above 
32° C at this point The cooling pipes in the tank into which the electrolyser 
delivers provide the means of controlling the temperature 

The standard electrolyser of seventeen cells is designed for 100 to 110 volts. 
Two electrolysors should therefore be placed in series, if the pressure available 
18 2(X) to 220 volts The current required for the full output of the standard “ cell ” 
IS 80 to 100 amp When working with the strength of bnne and with the currents 
above mentioned, a standard electrolyser will produce 2J to 2f lbs. of chlorine 
in one hour, if the electrolyte be worked up to 1'2 per cent, of chlonne strength, 
or 12 grammes of chlonne per litre of electrolyte To state the output otherwise : 
To produce 1 lb of active chlorine, 4 to kw hours of electncity and 12-5 lbs. 
of salt are required. 

For larger outputs any number of standard electrolysers may be placed in 
parallel electrically and worked from the same mams, or groups of two or three 
electrolysers coupled in senes may be placed in parallel with each other. 

The press or vertical type (flg. 168) is designed for large outputs This electro- 
lyser has twenty-three electrodes giving twenty-two cells, which are mounted 
transversely on longitudinal steel bars covered with soft vulcanised rubber 
tubing. These, together with the rubber gaskets forming the side and bottom 
walls of the cells, are screwed up tightly after the manner of the plates of a 
filter-press. The electrolyte contained in a concrete tank (circulating tank) 
18 pumped at about 80 litres a minute into an overhead cast-iron vulcanite- 
coated distributing trough, from which it overflows by a weir on to the perforated 
distnbuting tray of pure, Wd vulcanised rubber The trough is pivoted at one 
end on the framework of the electrolyser, and has a screw adjustment at the 
other, so that the weir is readily set dead-level. From the perforated tray, the 
electrolyte runs into the troughs carved out of the upper part of the electrodes, 
passes downwards, through the cells, issuing by the cell ports into the exit 
channels, and escapes through the syphon outlets. From these it drops back 
into the circulating tank, or, when there are several electrolysers in the same 
installation, into a cement channel which delivers into that tank The current 
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is led to and from the eleotrolyser by lead cast into the substance of the two end 
electrodes coupled up to the leads of the dynamo. The details of output ar^ 
A 12-5 pet ceut. solution of salt is the most econoimcal to employ, it is 
circulated at a rate of approximately 18 gallons or 80 litres pet mmute. The 
circulation of the brine and passage of the current are continued 
contains from 11 to 12 grammes of available chlonne per litre. Dnnng this 
period the temperature must not rise above 32° C- The standard electrolyser 
with twenty-two cells is designed for 100 to 110 volts, and the current requ^ed 
for the full output is 225 to 250 amp. When working with the 12-5 brine solution 
the standard electrolyser will produce about 9 lbs. of available chlonne per hour 
if the electrode be worked up to a strength of from 10 to 11 grammes of available 
chlorine per htre. 



Kio lOS — I’atent eLTtuJjmiv-viTtioal flow tyjie. 

Hepburn gives the following details • — 

Current — 100 to 110 volts, 250 amp 

Output — ^About 4 4 kg of available chlorine per hour. 

Cost per Kilogramme of Chlonne — (a) For salt, lOj kg. , (6) for power, 6 to 6-5 
kw hours 

Chlonne Strength.—W to 12 grammes per litre of electrolytic. 

With power at Jd per unit and salt at £1 per ton, the cost of electrolytic 
chlonne is 2-6d. per pound , with power at |d per unit and salt at £1 per ton, 
3-3d. One pound of chlonne from bleaching powder at £10 a ton costs 3d. 

In the press electrolyser a container with its attendant disadvantages is 
dispensed with, the cells bemg kept full of the electrolyte, and the continuous 
flow provided for, by maintaining a continuous feed to, and a hydrostatic head 
in, the upper part of the individual cells, with no bquid communication between 
adjacent cells in that part, and a separate and insulated outlet for each cell. 
The head is formed by using graphite electrodes of such a thickness that a 
suitable trough or reservoir can be formed in their top parts and feeding this 
by a distributing tray placed about 1 foot to 18 inches above it, in the bottom 
of which there are perforations. In falling from the trough the numerous 
streams of electroljde break up into drops, and current leakage is thereby made 
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impossible by way of the feed to the cells. The way in which the reservoirs 
are formed m the graphite is shown in figs 169 and 170 

The perforated distributing tray is common to all the cells of the electrolyser. 
Its width IS considerably less than the length of the ridge (2) in fig. 169, so that 



Fio J60 — Ttjp of two electrodes in plan Fio 170 — Vertical section of two 

electrodes through AB (fig. 169) 

(1) Graphite, ( 3 ) graphite ndge forming 
a wall of the cxravatef} trough (3) , 

(4) boft Tuleaiiisod rubber forming 
the Bide and bottom walla of the 
cell (6) 

a slight splash caused by the falling drops falls within the parts marked (1 ) and 
(1) By carrying the rubber side walls ((4) in fig 170) of the cells not quite up 
to the upper surface of the electrodes, an overflow for the trough is provided, 
thus obviating the flooding of the troughs and short circuiting of adjacent or 
of all the cells. By the lateral projection of the electrodes beyond the rubber 



Fio 171. — Vertical transverse 
section through two electrodes. 



Fio. 172. — Vertical longitudinal section through 
an electrode. 


wall the overflow is confined within narrow hmits (thus again preventing 
leakage), and is subject to electrolysis in its downward course. The exit for the 
electrolyte is made by boring transverse ports in the lower part of the electrodes, 
communicating on the one hand with the cells on both sides of the electrode, 
and with a central channel bored at nght angles to the ports (fig. 171). Each 
central channel is closed at one end and, at the other, is fitted wi^ a perforated 
lubber stopper carrying a glass syphon. The effluent from this, charged with 
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bubbles of hydrogen, is given such a distance of free fall that current leakage is 
again absolutely avoided (fig 172). 

The Graphode electrolysers are made in four different sizes, taking respee- 



Vm, 172 a — Tiurty-ampere Uraphode electrolyser. 


tively 5, 12^, 30, and 60 amp. The 30-amp electrolyser is illustrated in fig. 
172a (H. 1128) It consists of a vulcanite holder, with graphite electrodes, 
forming eight compact cells The whole stands in a vulcanite container and is 
almost immersed in the electrolyte Cooling pipes of lead are provided in the 
contaimng tank. When a salt solution of from 12^ to 15 per cent, strength is 
used, an output of 3^ gallons per hour of sodium hypochlorite is obtained, con- 
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taming 1 per cent, of available chlonne The 60-amp electrolyser is similar to 
the 30-amp size, but contains nine cells It gives 36 gallons per hour of sodium 
hypochlonte, contaimng 1 per cent of available chlonne 

The Relative Efficiencies of Bleaching Powder and Electrolytic 
Solutions. -Considerable difference of opinion exists as to whether bleaching 
powder oi electroljtioally produced hypochlorites are the more efficient and 
economical Different workers have obtained very varving results, due probably 
to the difficulty of making strictly comparable experiments There can be no 
doubt, however, that electrolytic solutions are more convenient to handle, are 
cleaner, and that goods so treated are more readily washed, owing to the greater 
solubility of sodium salts over those of calcium Undoubtedly, also, in some 
cases where electricity can be cheaply produced, they are more economical, 
and where strong solutions are required less danger of tendering results The 
supporters of the electrolytic bleaching processes, however, often assume that 
there is some inherent difference in the chlonne evolved whu h gives it a greater 
chemical activity This, however, cannot be maintained The following are the 
chief advantages claimed for the use of electrolj tic chlorine — 

1 (Ircater convenience in handling 

2 Orcater cleanliness 

3 Production of more uniform results owing to the greater solubility and 
diffusibihty of sodium salts and greater durability of ■whiteness 

4 Absence of harshness and tendering, which sometimes results when 
bleaching powder is used 

5 Economy in time and materials 

6 Economy of chlorine, ic with the same amount of chlonne present an 
electrolvtic liquor produces a better res ilt One hundred parts of chlorine from 
bleaching powdei are said to bo required to do the same work as from dl to 95 
parts produced electrolytic illy 

7 Greater cheapness of production 

Convenience m Handling and Cleanhnes'. — The production of the bleaching 
solution when and as required is of considerable advantage, since it saves the 
storing of an unstable body like bleaching powder, and salt can be kept in- 
definitely without deterioration For small users this is an important point, 
especially as electrolytic cells may be made of any required capacity The 
trouble of extracting bleaching powder completely is also avoided, since the 
bleaching compound is in solution from the start The loss of bleaching powder 
on extraction frec^uently amounts to nearly 10 per cent The bleaching solutions 
are also undoubtedly cleaner, and require very little filtration or sedimentation, 
owing to the comparative ease of obtammg jiractically pure salt 

Greater Uniformity of Results — Many observers maintain that better and 
more durable whites are obtained 'with electrolytic liquors than with bleaching 
powder Some doubt, however, exists upon this point , but it is certain that 
the greater solubility and diffusibihty of sodium salts over those of calcium must 
tend to produce better penetration of the goods , hence there is less likelihood 
of under- or over-bleaching This result may also be assisted by the fact that the 
electrolytic solution is alkahne, and that the bleaching action is more regularly 
developed than in the case of bleaching powder 

Harshness and Tendering — Chiefly owing to the action of carbon dioxide, 
calcium carbonate i<> always deposited m the fibre during bleaching with calcium 
hypochlonte It is very difficult to bleach with bleaching powder and remove 
every trace of lime from the goods by washing. This is largely owing to the 
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limited solubility of calcium sulphate. A very small quantity of lime gives a 
harsh feel to cotton, and interferes seriously with the production of level colours 
in subsequent dyeing Owing to the practical absence of lime in the electrolytic 
solution this difficulty does not arise. Of course it is quite possible to free 
goods from lime by careful washing, but in practice it is very often imperfectly 
done. In many cases it does not matter, but for fine goods the electrol 3 rtic 
process is undoubtedly superior from this point of view On the other hand, 
for certain classes of Lancashire goods harshness is actually desired, and one of 
the objections urged against the use of sodium hypochlonte is that it does not 
assist the finisher in this direction. Tendenng is also less frequently found in 
goods bleached with hjrpochlorite. 

Economy of Materwh and Plant — Far less acid is required after chemicking 
with sodium hypochlonte, since there are no insoluble compounds to remove. 
In fact, it may in many cases be dispensed with altogether In some special 
cases the plant required is also simpler, the whole of the operations can be 
carried out in the .same vessel, owing to the ready solubility of the bodies used. 
With a satisfactory plant there is also no waste of chlorine 

Economy of CMonne — It is upon this point that great differences of opinion 
exist Many observers state that the chlonne obtained by electrolysis is 
inherently more active than the equivalent from bleaching powder This 
necessitates the assumption previously referred to, that it is in a different 
chemical condition, or that the combination between chlorine and soda in sodium 
hyiiochlorite is different from that between chlonne and lime in bleaching powder, 
or that we are dealing with two allotropic forms of the element, one of which is, 
in fact, more active Thus Fraas concludes as the result of many experiments 
that — 

1. Using equal amounts of available chlorine and working under similar 
conditions, the electrolytic bleaching liquor gives the better bleaching effect 

2. If the bleaching effect be stopped at the same degree of whiteness, the use 
of electrolytic liquor makes a saving of 5 per cent of chlorine when working with 
alkaline solutions 

3 The presence of excess of bleaching bquor does not alter these comparative 
results 

4. Increase of alkalinity diminishes the rate of bleaching, but increases the 
final effectiveness of the bleach, both in the case of the electrolytic and bleaching- 
powder solutions. 

Others, however, contend that there is no difference between the chlonne in 
the two cases, and that solutions containing equivalent quantities of available 
chlorine have in both cases the same bleaching value, the difference in observed 
results being due to the difficulty of making strictly comparable expenments, 
and being within the allowable limits of error, having regard to the nature of 
these experiments 

Duckworth (J.S.G.I,, 1905, p. 1157) states, as the result of long expenence, 
that 3 lbs of electrolytic chlonne will do the work of 4 lbs. produced from 
bleaching powder, and will do it better, qmcker, and more easily. Thus 45 lbs. 
of active electrolytic chlorine are equivalent to 60 lbs. of available chlonne from 
bleaching powder Some even claim that the proportion of 1 to 2 is nearer the 
truth. Against this, others urge that it is only a question of time, tx the chlorine 
from bleaching powder will do the same work, but reqmres a longer time to 
do it. Thus magnesium hypochlorite acts even more quickly than sodium 
hypochlonte, but is not really more efficient. 
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W. H. Walker {J.S.G.1 , 1905, p. 1160) considers that there is a difference 
between available chlorine and bleaching power, and that although two solutions 
may have the same oxidising power, as equivalent solutions of bleaching powder 
and electrolytic chlorine have, it does not follow that they will also have the same 
“ bleaching ability.” 

Cost of Production . — Even greater difference of opinion is found upon this 
point than upon the relative efficiency of the two processes. On the one hand, 
it IS maintained that electrolytic chlorine is actually the cheaper to produce, and, 
on the other, it is said that it is no cheaper, or, if anything, often dearer, but 
that the results obtained outweigh the increased expenditure. The cost of 
production depends very much upon the price of salt and electncity Where 
both are cheap, or where water-power is available, the cost is small. The initial 
cost depends largely upon the nature of the electrodes. Platinum is very ex- 
pensive to begin with, but costs httle in upkeep. Carbon electrodes are cheap, 
but require frequent renewal. The following are some recorded cases of com- 
parative cost. In one case recorded in the Manchester Guardian (15th October 
1909) a 15 per cent solution of common salt was electrolysed to give a solution 
of chlorine containing 30 grammes per litre at a cost of 7Jd. per kilogramme when 
the most expensive method of producing the current was used, while, when 
water-power was employed, it was only Jd. per kilogramme 

Carey, while admitting that in certoin cases electrol 3 rtic chlorine may be 
produced more cheaply than from bleaching powder, contends that as a general 
rule it cannot be He gives the following figures as a basis for comparison *■ 
The price per kilogramme of chlorine from bleaching powder at £4, 10s. per 
ton IS 3' Id The power required per ton of chlorine in the various electrolytic 
cells varies apparently between 6900 and 9000 kwh per ton The salt required 
per ton of chlorine in the case just referred to was 7 of salt to 1 of chlonne Taking 
the salt at 12s. per ton, it is equal to a charge of Id per kilogramme of chlonne. 
The following table then gives the cost for power and salt per kilogramme of 
chlorine, with different pnees for power, but exclusive of those important items 
which can be inserted for each special case separately, viz. labour, repairs, 
intere.st, and depreciation. 


Pnee kwh 

Cost of Power per 
Elio Chlonne. 

Cost of Salt pel 
Elio Chlonne. 

Costof Poaui Slid S.ilt 
per Kilo. Chloiuio. 

id. 

1 ■7d to 2 2d. 

Id. 

2-7d to8-2d. 

id. 

8 Id. „ i Id 

Id. 

4-4d. „ 5-4d. 

Id. 

6-8d. „ 9d. 

Id. 

7-8d. „ lOd. 


This table does not include figures for the production of chlorine by power 
generated with one of the cheap water-powers, as bleaching works adjacent to 
such water-power stations are too few to'be of any general interest. He contends, 
therefore, that, with power at ^d. per kwh when labour, repairs, and capital 
charges are included, electrolytic chlonne is certainly more expensive than 
chlorine derived from bleaching powder. 

Regarding the matter from the standpoint of the relative bleaching 
efficiencies of the electrolytic hquor and that denved from bleaching powder, 
and also allowing for the was^e of chlorine from bleaching powder which 
’ AH costs are based upon pre-war prices 
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anses through storage and extraction, the foregoing figures are subject to 
some modification Allowing for a wastage of 10 per cent , the cost per kilo- 
gramme of available chlorine from bleaching powder at £4, lOs per ton and 
contaimng 35 per cent of ohlonne will be 3'4d. Taking the respective activities 
of the two liquors in the ratio of 5 to 4, and 7 k.w.h. and 10 kg. as the average 
expenditure on power and salt, the following figures result A fair allowance 
for capital charge is ^d per kilogramme of chlorine produced, and is included. 
Examples (a) are for cases in which the cost of electncal power is known. 
Examples (6) indicate the cost when the charge for power is confined to that 
of the fuel consumed in runmng, say, the hghting dynamo during the da 3 d;ime 
for electrolysing. The consumption is taken as 3 lbs of coal per b h p , and the 
efificiency of conversion as being 85 per cent The figures m the last column 
represent the cost in pence of the equivalent of 1 kg of chlonne in bleaching 
powder liquor. 

(а) Power at )d. per kwh, salt at 12b per ton ; cost is 

I, ,, „ „ ,, ,, 

St Id >S St t> t« ** 

(б) Coal at 12b per ton „ „ „ „ 

,, lOs. ,, ,, „ ,, 

,, 12fl ,, ., 16s ,, ,, 

„ 10s ,, „ „ ,, „ 

According to Haas and Oettel {J.8 C.I., 1901, p. 131) the cost of production 
of the active chlorine increases with the concentration. Thus the same quantity 
of chlorine can be produced more cheaply at a strength of 3 grammes of chlonne 
per htre than at 6 or 10 grammes per htre This only applies to certain 
apparatus 

Jaegl6 (J 8.C.I., 1905, p 94) found from a series of trials, extending over 
nine months, that the cost of the bleaching hquor, measured in terms of available 
chlonne, was practically the same, viz 0-04 mark per kilogramme, whether made 
from bleaching powder or by electroljrsis 

Higgins, as the result of numerous experiments, supported also by Ermcn, 
came to the conclusion that from no pomt of view was an electrolytic bleach better 
than an equivalent solution of bleaching powder or sodium hypochlorite, while 
with salt at 238 a ton and electncity at OTbd per unit it is twice as expensive 

From the above illustrations it is obvious that the question of cost is mainly 
dependent on local conditions afiecting the price of bleaching powder, power, 
and salt. The remaining condition affecting the question is the correct value to 
assign to the respective bleaching efficiencies of the two forms of the bleaching 
liquor, and the wastage already referred to, and it has been shown that there is 
no difficulty in determimng the cost for a given set of conditions Moreover, 
the method of operation can be so adjusted between expenditure of power or 
salt as to meet the case in which the one or the other may, for local reasons, be 
the more costly. 

As regards concentration of chlonne, electrolysers arc now made to produce 
the liquor at any desired concentration up to 35 grammes of chlorine per litre, 
and the higher concentrations are for the most part the more economical to 
produce. 

Other Bleaching Agents. 

All the oxides of chlonne have oxidising and bleaching properties, although 
only the derivatives of ohlonne monoxide, the hypochlontes, have much practi^ 
importance. 


4 3d 
3 4d. 

2 8d. 

3 Id 
2Bd 
3 4d 
3 Id 
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Chlorous Add, HGIO,. — This acid is obtained together with chldic acid, 
HCIO3, when chlorine peroxide is dissolved in water — 

2C10,+H,0=HC10,+HC10s. 

The reaction is analogous to that which takes place between nitrogen peroxide 
and water — 

2N0,+H30=HN0,+HN0,. 

Chlorine peroxide is an explosive gas which condenses to a liquid at 90° C. 
It has a reddish-yellow colour and a characteristic chlorine-like smell. It is 
obtained when a mixture of potassium chlorate and sulphuric acid is warmed 
gently. The sulphunc acid first liberates chlonc acid, HCIO3, which is then 
decomjiosed, forming perchloric acid, HCIO4, chlorine peroxide, and water — 

KC10,-}-H,S0«=KHS04-fHC10s, 

3HC10,=Ha04+2C108+H*0. 

When a saturated solution of chlorine peroxide in water is cooled to a 
low temperature, crystals are formed which are said to have the composition 
C10j.8H20 When an aqueous solution of chlorine peroxide is allowed to stand 
it IS changed gradually into a mixture of chlonc and hydrochlonc acid. CSilorous 
acid is not known except in solution, but some of its salts are more stable. If 
an aqueous solution of potassium hydroxide is treated with chlorine peroxide 
a mixture of chlonte and chlorate of, potassium is formed — 

2KOH-f2C10,==KC10,-fKC10j-fH*0. 

Chlontes, like chlorine peroxide, are very unstable compounds, decomposing 
with explosive violence when heated. Both chlontes and chlorous acid in aqueous 
solution are powerful bleaching and oxidising agents 

Chloric Add, HGIO3. — This acid is regarded as the hydrate of the hypo- 
thetical pentoxide, CI3O3, which combines with water in a similar manner to 
nitrogen pentoxide — 

C1,05-|-H30=2HC10„ 

N, 0 b- 1 -H,O= 2 HN 03 . 

Chlonc acid may be prepared from barium chlorate by treating it with cold ' 
dilute sulphuric acid — 

Ba(C10,)j4-HjS04=BoSO«-f2HC103. 

The insoluble barium sulphate is filtered of! and the filtrate is concentrated in 
vacuo over sulphuric acid Chloric acid is a colourless, unstable hquid, which 
decomposes readily into perchlonc acid, chlorine peroxide, and water, wther 
when heated or exposed to light. It is a very powerful oxidising and bleaching 
agent. When present in bleaching liquors it always produces oxycellulose and 
tendering. Chlorih acid is monobasic, giving salts termed chlorates. Some > 
of these, such as sodium chlorate and barium chlorate, are important. The 
former is used as an oxidising agent in dyeing with aniline black. The chlorates 
ate all soluble in water. Their solutions do not give a precipitate with silver 
nitrate. When chlorates are heated they give up oxygen and are converted 
into chlorides — 

2NaC10,=2NaCl-f30j. 

Barium chlorate may be used (Thomson, J. Soe. Dyers and Col, 1916, p. 166) 
for removing cotton ground-work in lace embroidery. The backing fabric is 
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treated with a eolntion of the Halt When dned and heated for some time at 
a temperature of 320° ¥. it becomes disintegrated and can be brushed out, 
leaving the embroidered part intact. 

The chlorates of potassium, sodium, calcium, and banum may be made by 
passing chlorine gas into a boiling solution of the metallic hydroiude. This has 
been referred to previously. They are obtained also when a hot solution of a 
chloride is electrolysed. The possibility of their production dunng the prepara- 
tion of electrolytic bleach liquors has been mentioned 

Perchloric Acid, HGIO4. — This acid is produced when chloric acid is heated 
or exposed to light, or when potassium perchlorate is heated with sulphuric acid — 

3HG103=Clj-fHC104+20*-l-Ha0, 

2KC104-fH3804=Ki,S04+2HC104. 

Potassium perchlorate is formed when potassium chlorate is heated to a 
temperature a little above its melting-point — 

2KC103=KC104+KCl-f02 

Both perchloric acid and the perchlorates are made, also, by electrolysing chloric 
acid and solutions of chlorates Perchloric acid is a colourless liquid which has 
very marked oxidising properties It boils at about 138° C without decom- 
position When perchloric acid is treated with phosphorus pentoxide, a very 
powerful dehvdrating agent, and distilled, the heptoxide of chlorine, CI 2 O 7 , is 
obtained This is the anhydnde of perchlonc acid — 

Cl30,-t-H20=2HC104 

The perchlorates are more stable than the chlorates They are not decom- 
posed by hydrochloric acid, nor do they, like the chlorates, give off explosive 
gases when heated with sulphuric acid. They are not reduced to chlorides by 
sulphur dioxide Perchloric acid is used for these reasons as an assistant in 
the K]el(lahl process 



CHAPTER XXVI. 

THE NON-CHLORINATED OXIDISING BLEACHING AGENTS. 

Hydrogen Peroxide, HgO,, is a bleaching agent of great value It is both 
powerful in its action and capable of being controlled easily It can bo used for 
bleaching every known textile fibre without danger of tendering Hydrogen 
peroxide is present iii small quantities in the atmosphere It is produced by 
the action of the ultra-violet rays on moisture, hydrogen being also formed — 

2HgO=HgOg-fHg. 

It" IS also produced by the action of a sdent electric discharge upon moist air, 
and by the natural oxidation of many organic and inorganic substances For 
example, when zinc is treated with sulphuric acid in the presence of air, hydrogen 
peroxide is produced as well as hydrogen — 

Zn+2HgO-t-Og=Zn(OH)8-fHgOa. 

Preparation of Hydrogen Peroxide.— Hydrogen peroxide is prepared by 
treating certain metallic peroxides with a dilute acid 

The metallic peroxides are of two kinds 

1 Those hich are decomposed by cold dilute mineral acids yielding hydrogen 
peroxide as one product This class includes the peroxides of sodium, calcium, 
and barium When treated with sulphunc acid they react thus 

Nag0g+HgS04=NagS04-hHg0g, 

Ba 0 g+HgS 04 =BaS 04 -|-Hj 0 g. 

2 Peroxides which are not decomposed by dilute cold acids but dissolve 
when the acid is heated, giving oxygen. Manganese dioxide is an example — 

Mn 0 g-}-H 2 S 04 — MnSO 4 -l-Hg 0 -|-O. 

Ciommcrcial hydrogen peroxide is made, generally, from barium jicroxide, 
BaOg When banum oxide, BaO, is heated in a current of air to a temperature 
of 450° C it absorbs oxygen, giving the peroxide — 

BaO -fO^r^BaOg. 

This reaction is reversible at a higher temperature. At 800° C. the peroxide is 
decomposed into barium oxide and oxygen. The reaction can be controlled by 
altering the pressure. If barium oxide be treateil with oxygen under a high 
pressure, peroxide is formed. If the pressure be then reduced greatly (to nearly 
a vacuum) the oxygen is given ofi at the same temperature This is the basis 
of Bnn’s method for the manufacture of oxygen. 

Banum peroxide is a white powder which is insoluble in water. It may be 
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made, also, by treating a solution of barium oxide in water with hydrogen per- 
oxide, \^en crystalbne banum peroxide, BaOj.SHjO, is thrown down. This, 
when heated to 130° C , loses its water, becoming anhydrous and amorphous. 
When heated more strongly, as noted above, it is transformed into the monoxide, 
oxygen being evolved. 

Hydrogen peroxide may be made from banum peroxide by grinding the 
latter to a cream with water and stimng this into a slight excess of cold dilute 
Bulphunc acid. Other acids, such as phosphoric acid or hydrosihcofluoric acid, 
arc also used — 

BaOg-t-H^O*=BBSO*+HgOj, 

3Ba0*+2H3P04=-Ba3(P04)g+3Hg0g, 

BaOg-f-H3SiFg=BaSiFa-l-HgO,. 

After completion of the reaction, the excess of sulphuric acid is precipitated by 
adding barium carbonate, and the solution of hydrogen peroxide filtered ofi. 

Another method is to use carbon dioxide instead of a mineral acid. The 
barium peroxide is stirred into water, cooled by means of ice, through which a 
current of carbon dioxide is passed Barium carbonate is precipitated and 
hydrogen peroxide remains m the solution — 

Ba 0 g-t-C 0 *+Hj 0 =BaC 0 ,-t-H 303 . 

Excess of carbon dioxide must be avoided, since, if present, barium percarbonate, 
BaCOg, may be formed. 

The solutions obtained by these methods contain about 3 per cent, by weight 
of hydrogen peroxide. They cannot be concentrated at ordinary pressures, 
since hydrogen peroxide is decomposed mto water and oxygen when heated 
But dilute aqueous solutions of hydrogen peroxide may be distilled in a vacuum 
without decomposition If a dilute solution of hydrogen 3 )eroxide be heated to 
a temperature of from 35° to 40° C., at a pressure of 15 mm , a mixture of the 
peroxide and water distils over at first. If the temperature be raised gradually 
to 70° C. the residue in the distilling flask consists chiefly of peroxide This can 
be further concentrated by freezing it in bquid carbon dioxide and separating the 
crystals which form By drying these jn a vacuum, over sulphunc acid, pure 
hydrogen peroxide may he obtained. 

But concentrated forms of hydrogen peroxide are more commonly prepared 
from sodium peroxide. If this body be treated with 20 per cent, sulphuric acid 
at a low temperature, the sodium sulphate which is produced is more than is 
required to saturate the solution, and part of it crystallises out. Owing to the 
water of crystallisation it contains Na 3 S 04 . 10 Hg 0 , the solution is, at the same 
time, concentrated. After removing the crystals of sodium sulphate the solution 
is concentrated tn vacuo at a low temperature and then frozen. 

Commercial hydrogen peroxide is a solution of the peroxide in water. 
There are three standard strengths, known as “ ten- to twelve- volume,” “ twenty- 
volume,” and “ one-hundred-volume ” hydrogen peroxide respectively. 

When hydrogen peroxide decomposes it yields oxygen in accordance with the 
equation 

Hj03=H30-t-0. 

Ten-volume hydrogen peroxide means that the hydrogen peroxide pre- 
sent in any given volume gives, at 0° C. and 760 mm. pressure, ten times 
its volume of oxygen. The following table gives the composition of these 
solutions : — 
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Grammee of Hydrogen 
Peroxide, H,0„ m 

100 c e of the 
Sointion 

Volume of Oxygen at 

0° C and 700 mm 
Pressure given by 100 
O.C. of the Solution. 

10-vulume peroxide 

30 

10 X 100 c 0 

20-volamo „ 

60 

20x100 0 0 

100-volumo „ 

300 

100X100 0.0. 

(Abo known as ]X!ihydml.J 




From the equation given above it is seen that 34 grammes of hydrogen 
peroxide peld 16 of oxygen 

According to Avogadro’s law, 16 grammes of oxygen occupy 11'2 litres when 
measured at U° C. and 760 mm. pressure. Hence 3 grammes of oxygen will 
11-2x3 

measure — — , or 990 c.c 
o4 

Thus, if 100 c c. of ten-volume peroxide contain 3 grammes of hydrogen per- 
oxide, H 2 O 2 , the oxygen given by this volume of the solution wiU occupy 990 
or approximately 1000 c c , i.e. ten times the volume of the solution Similarly, 
the oxygen yielded by any volume of one-hundred-volume peroxide will be 100 
times the volume of the solution taken. 

Properties of Hydrogen Peroxide. — ^Pure hydrogen peroxide is a colourless, 
viscous liquid, which has no smell. It burns the skin and produces blisters. 
When heated at ordinary pressure it is decomposed into water and oxygen, but 
it can be distilled without decomposition in a vacuum. Its boiling-point at 
26 mm pressure is 84° to 85° C It solidifies when cooled to —2° C. 

Hydrogen peroxide is soluble in water in all proportions. Its aqueous 
solution has a shghtly acid or bitter taste, and a faintly acid reaction towards 
litmus 

An aqueous solution of hydrogen peroxide is fairly stable in the presence of 
a small quantity of an acid Sulphuric acid, or phosphoric acid, is commonly 
added to commercial solutions to render them stable According to Maass and 
Hicbert ( J Soc Dyers and Col , 1924, p. 116), hydrogen fluonde acts as a stabiliser, 
whilst other halogen acids decompose hydrogen peroxide at all concentrations. 
For hydrochloric acid there is a critical concentration, below which the rate of 
decomj>o‘<ition w monoiuolecular, and above which chlorine is liberated and 
swept out of the reaction mixture by the hberated oxygen. The rate constant 
IS proportional, probably, to (1— a)X(acid concentration), where a is the dis- 
801 latiou of the acid. The mechanism of the reaction is, possibly, the formation 
of the comjilex HgO^ HCl, which breaks down into hypochlorous acid aud water, 
followed by reaction between the hypochlorous acid and the peroxide. Above 
the critical concentration the liberation of chlorine is due to displacement of the 
equilibnum of the system, hypochlorous acid, acid hydrochlonc, and acid chlorine. 
With hydrobromic acid the reaction is analogous, but the rate is greater than 
with hydrochlonc acid, and the bromine is liberated at a lower concentration. 
Hydrolysis of the halogens, with formation of oxy-acids, causes decomposition 
of the peroxide, accompanied by the formation of halogen acid. When an acid, 
or neutral solution, of hydrogen peroxide is heated the peroxide is decomposed, 
the rate of decomposition nsing with the temperature If the solution be made 
alkaline with ammonia or sodium hydroxide, the loss of oxygen becomes much 
more rapid at any temperature. Weber (/. Soc, Dyers and Col., 1923, p. 212) 
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found that if 0-5 c c. of 0 897 sp gr ammonia were added to 500 c.c. of one- 
volume hydrogen peroxide the loss at 100° F. in three hours was about 20 per 
cent of the hydrogen peroxide present The same volume of one-volume per- 
oxide to which no ammonia was added lost nothing during the same time. 
With more ammoma the oxygen was given up more freely, and with ten times 
the amount used above, the loss was 69*70 per cent, of the total hydrogen peroxide 
present. That is, faintly alkaline solutions are more stable than those con- 
taining more alkali. 

The rate of decomposition was much slower when the solution was neutrahsed 
with sodium silicate (vvle ]> 509] 

Metals or their oxide.s, or particles of dirt, all render solutions of hydrogen 
peroxide unstable and cause the liberation of oxygen, the metallic oxide playing 
the part of a catalytic agent. Copper and iron and manganese are particularly 
active in this respect, while lead is one of the least active. Hydrogen peroxide 
cannot be kept in metal vessels, and if a bleaching vessel is made of metal, lead 
IS the only one permissible. The action of metals on solutions of hydrogen 
peroxide can be illustrated by introducing platinised asbestos, when bubbles of 
oxygen will immediately apjiear. Dirt acts, probably, as a catalytic agent 
because it contains metallic oxides But even rough though clean surfaces of 
inert substances, such as glass, appear to promote decomposition. According 
to Haller and Munk, if cotton be immersed in 30 per cent jieroxide and a little 
oxide of iron or cobalt be added, very rapid decomposition, accompanied by 
destruction of the fibre, occurs. 

Hydrogen Peroxide as an Oxidising Agent. 

Since hydrogen peroxide, like ozone, contains an atom of loosely combined 
oxygen, it has iiowerful oxidising properties. It owes its bleaching action, also, 
to the same cause The following are examples of its oxidising properties — 

1. It liberates iodine from potassium iodide — 

2KI+HA^2K0H+2I. 

The reaction is more delicate in the presence of some dilute acid to neutralise the 
potassium hydroxide 

2 Like ozone, hydrogen peroxide oxidises lead sulphide to sulphate — 

PbS-t-4Hj0j=PbS04-)-4H80 

3 It oxidises sulphurous acid, or sulphites, to sulphuric acid and sulphates — 

HgSOj-fHjOis=H*S 04 -|-HgO. 

4 It oxidises ferrous to feme salts — 

2FeS04-hHs.804-fHg0a=Fea(804)3-f2H20. 

5. It bleaches litmus and many eolounng matters. 

Hydrogen Peroxide as a Reducing Agent. — When hydrogen peroxide 
reacts with another body which also contains an atom of loosely combined 
oxygen, it behaves as a reducing agent in the same way as ozone, oxygen being 
evolved Thus • 

1. Silver oxide is reduced to metalhc silver — 

Ag,0-j-H,0,=Ag,-|-H,0-f0j. 
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2. Freshly precipitated manganese dioxide and sesquioxide in the presence 
of dilute sulphuric acid are first reduced to manganous oxide and then dissolved 
as manganous sulphate — 

(1) Mn0jj“|-H202 — Mn0“f“H20-f-02 

(2) Mn 0 +HjS 04 =MnS 02 +H 20 

3. Ozone is reduced by hydrogen peroxide to oxygen — 

03+H,0a=Hg0+202. 

4. Potassium permanganate in the presence of dilute sulphuric acid is reduced 
to colourless soluble manganese sulphate — 

2KMn04+5HjOa+3H2S04=2MnS04+K2S04+8H20-f-502. 

This reaction is of importance in the estimation of hydrogen peroxide It takes 
place in the following manner Potassium permanganate is a compound of 
potassium oxide with manganese heptoxide, thus, KgO MiigO, Manganese 
heptoxidc contains five atoms of loosely combined oxygen — 

Mn207=2Mn0-f 50. 

In presence of hydrogeu peroxide the following reactions take place — 

(1) KgOMnjOg =Ka0+2Mn04-50 

(2) KgO+HgSO, =K2S0,+H*0. 

(3) 2Mn0+2H2804=2Mn804+2H20. 

(4) 50+5Ha02 =502+6H20. 

5 Chlorine, when treated with hydrogen peroxide, is changed into hydro- 
chloric acid, and oxygen is liberated — 

Cl2-fH*02=2HCl-|-0g. 

The Acid Properties of Hydrogen Peroxide.— Hydrogen peroxide con- 
tains two atoms of hydrogeu which can be displaced by a metal, giving two classes 
of substitution products In the case of sodium these are — 

(1) NaOgH 

(2) NaOgNa 

The monosubstitutioii compounds are termeil hydroperoxides They are 
formed when the hj’droxidc of calcium, magnesium, or barium is treated with 
excess of hydrogen peroxide — 

Mg(0H)2+2H202=MgH2044-2Hg0 

These hydroperoxides are comparatively stable compounds They are repre- 
sented, sometimes, as addition compounds, e g. MgOg HgOg They are of im- 
portance in bleaching since, when heated with water, they only give up their 
oxygen very slowly, even at the boiling-point — 

MgH,0*=Mg(0H)2-f02 

When a solution of hydrogen peroxide is treated with sodium carbonate it 
acts like an acid, exchanging its hydrogen atoms for sodium and liberating carbonic 
acid — 

HgOg-f-NagCOg^NagOg-l-HgCOs. 
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The Ckmstitution of Hydrogen Peroxide. — ^Thiee difCeient foimulae have 
been proposed for hydrogen peroxide, viz — 


( 1 ) 

( 2 ) 

(3) 


H-O-O-H. 

> 0=0 

H-0=0-H 


According to Stewart {Recent Advances tn Phifstcal and Inorganto Ghemutry) 
the first of these, which is also the oldest, does not explain the presence of a 
comparatively loosely combined atom of oxygen togethei with a second which is 
more firmly combined. The second formula does explain this difference, while 
the third is more in agreement with certain other physical properties of the 
compound. 

The Detection and Estimation of Hydrogen Peroxide. — The presence 
of hydrogen peroxide in a solution may be identified by the following tests — 

1 Its reaction with potassium iodide 

2 Its reaction with titanium salts Hjdrogen jicroxide gives an orange- 
yellow colour with a solution of a titanium salt According to Kneiht, if a 
solution of titanous chloride be added to a solution of hydrogen peroxide it is 
oxidised to the state of TiOj if excess of hydrogen jieroxide be present This 
IS accompanied by the production of a yellow or orange yellow colour — 

H,Oa-|-TiOj=H 20 -Mi 03 


By continuing the addition of the titanous chloride solution the colour will cither 
increase or decrease in intensity according to the amount of peroxide present, 
but bj continued addition it will disajtpear altogether in accordance with the 
equation 

Ti03-t-2TiCl,-h6HCl=3TiCl4-f3Hg0 


3 The chromic acid reaction This is ver> delicate A drop or two of a 
solution of potassium bichromate and some dilute sulphuric acid are added to 
some of the peroxide solution in a test tube About 5 c c of ether are then added 
the test tube closed, and shaken In the presence of hydrogen peroxide the ether 
IS coloured blue This is thought to be due to the formation of a compound of 
perchromic acid, HCr 04 , with hydrogen jieroxide 

The Estimation of Hydrogen Peroxide.— Either the oxygen may be 
liberated and measured, or the peroxide may be titrated with a standard solution 
of jiotassium permanganate 

The latter method is more convenient Ten c c of ten volume peroxide are 
diluted to 100 c c in a stoppered flask Ten c c of this mixture (le 1 c c of 
the original solution) are plac ed in a beaker or flask and diluted to about 300 c c 
with distilled water, after which from 20 to 30 c c of sulphuric acid (1 in 4) are 
added Decinormal potassium permanganate solution is then run in from a 
burette, with constant agitation of the mixture, until a permanent pink colour 
IS produced If at first the colour of the permanganate does not disappear, or 
if a brownish tint is produced, more sulphunc acid should be added The 
hydrogen peroxide may now be calculated either by weight or by volume Each 
cubic centimetre of decinormal permanganate corresponds to 0 0017 gramme of 
hydrogen peroxide (see equation given above) 

If the result be required in volumes of oxygen, it is known that 3-04 grammes 
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of hydrogen peroxide give 1000 c.o. of oxygen. Hence 1 gramme of hydrogen 
peroxide gives 329 c.c. 

Titration by Means of Iodine. — The hydrogen peroxide is dilated with 
water until it contains about 0-6 per cent by weight. Two grammes of potassium 
iodide dissolved in 200 c.c. of water m a flask and 30 c.c. of sulphunc acid (1 in 2) 
are added. After coobng the mixture, 10 c.c. of the diluted peroxide solution 
are introduced by means of a pipette and the flask allowed to stand for a short 
time. The reaction is 

HA+ 2 KI+H^ 04 =KgS 04 + 2 Hj 0 +Ig. 

The iodine is then titrated by means of decinormal 
thiosulphate solution. From the equation it is 
evident that 34 grammes of hydrogen peroxide 
liberate 254 grammes of iodine, te. each cubic 
centimetre of decinormal thiosulphate cowesponds 
to 0‘0017 grammes of hydrogen peroxide 

This method is sometimes preferable to the 
permanganate titration, because peroxide solutions 
may contain other bodies than hydrogen peroxide 
which are oxidised by potassium permanganate. 

The Direct Measurement of the Voiume of 
Oxygen produced. — A nitrometer (fig 173) is 
filled with mercury and connected, by means of a 
piece of pressure tubing, with a small decomposi- 
tion flask. In the outer compartment of this are 
placed some potassium permanganate solution and 
dilute sulphuric acid, and in the inner tube 1 c.c 
of the peroxide solution The flask is then allowed 
to cool to the room temperature and connected 
with the nitrometer, as shown in the illustration 
The three-way tap is then opened carefully, and 
the open tube of the nitrometer is moved until the 
air in the decomposition flask is at atmospheric 
pressure. The level of the mercury m the gradu- 
ated tube IB then read off. The nitrometer tube 
IB now connected with the decomposition flask by 
means of the three-way tap The open tube is 
then lowered to reduce the pressure and the de- 
composition flask IS tilted to bring the peroxide 
into contact with the acid permanganate After j 73 —jiitrometi'r for 

the oxygen has been liberated and allowed to cool hydrogen peroxide 
to the temperature of the atmosphere, the open tube 

18 again adjusted till the level of the mercury is the same as in the other, and the 
volume of gas read off. The increase in volume is due to the oxygen liberated 
from the peroxide and permanganate, half of it coming from the peroxide. This 
should now be reduced to 0° C. and 760 mm pressure by means of the formula 

VP V'P' 

273~273+f'‘ 

The Use of Hydrogen Peroxide in Bleaching. — The bleaching-vat should 
be constructed of hard white wood, slate, or glazed bricks, and made in such a 
way that no metal can come m contact with the bleaching liquor. Lead is the 




608 


BLBACHING AND FINISHING OF COTTON. 


only metal which it is safe to use, but it becomes coated with lead peroxide, which 
may cause lead stains on the bleached goods Where a lead steam pipe is used 
for heating the liquor, it should be placed beneath a false perforated bottom to 
prevent the goods from coming into contact with it The vat should be well 
soaked with a peroxide solution before use The Castner-KeUner Alkali Co. 
recommend a vat of the nature shown in fig 1 74 as being satisfactory for most 
purposes. It is heated by means of a lead steam coil placed beneath a false 
bottom, entering at one end, coiling backwards and forwards, and finally going 
out at the other end of the vat An open steam pipe should never be used The 
false bottom above the steam pipe prevents the goodp from becoming entangled 
with the pipe, and allows any suspended sohd matter in the hqnor to settle out. 
A movable perforated top is provided, which can be fixed just beneath the surface 
of the liquor, thus ensuring that the goods are completely covered by the bleach- 
ing liquor 

For piece goods, a suitable jigger or washing-machine may be used, provided 



that there are no metal parts which can come into contact with the hydrogen 
peroxide, while, for small lots, a glazed pan into which steam can be blown is 
suitable. New apparatus should always be treated alone with the bleaching 
solution before being used for goods 

The strength of the bleaching -bath vanes with the nature of the material 
As a rule, a solution containing about 0’5 per cent {t e, 5 grammes per litre) of 
hydrogen peroxide is sufficiently concentrated Weber (loc oit ) recommends 
a standard bath of two-volume peroxide. It is a disadvantage to have the 
solution too concentrated, since it not only loses peroxide more quickly than a 
dilute one, but may cause over-bleaching With regard to the volume of liquor, 
as a rule from fifteen to twenty times the weight of the goods is required for 
an ordinary bath, but less is necessary if a jigger is used 

Preparation of the Bleachlng-bath. — Water is first placed in the bath and 
the necessary volume of peroxide is added. As a rule, this solution will have 
an acid reaction. It has been mentioned above that acid solutions of peroxide 
are comparatively stable. In fact they are so stable as to be unsuitable for 
bleaching Hence, the bath must be made faintly alkahne But only a mild 
alkah can be used If sodium hydroxide were employed the cotton would 
be tendered, since in its presence oxygen converts cellulose into oxyoellulose. 
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The alkalis used are (1) ammonia, (2) sodium silicate, (3) sodium phosphate. 
Either ammonia or sodium silicate is generally employed, a dilute solution 
being stirred m until the reaction of the bath is very faintly alkahne to 
litmus. Weber (J. Soc. Dyers and Col., 1923, p 212) recommends phenol 
red as a more suitable indicator. It is very sensitive, and has a sharp colour 
change from yellow to red. He found, also, that when ammonia is used for 
neutralising the bath there is a considerable loss of bleaching power owing to 
decomposition of the peroxide, and that this loss increases with the quantity 

NEUTRALISING WITH SILICATE OF SODA 



0 Housa lit 


NEUTRALISING WITH AMMONIA 



0 HOURS I 2 3 

Flo. 175 — Eftcot of alkali on hydrogen peromdo. 


of ammonia present. This emphasises the necessity for careful neutralisation 
and the use of a delicate indicator Phenol red has a pH range of from 6‘8 to 8'4. 
These experiments have been referred to above. But using sodium silicate 
under the same conditions the loss was negligible. This is illustrated by the 
graphs (fig. 175) taken from Weber's paper. 

The only objection to sodium sihcate is that, if too much be used, the goods 
may acquire a harsh feel But Weber states that if 1 lb is used for every 20 
gallons of ten- to twelve-volume peroxide there is no danger of this happening. 
He gives the following directions for making a 240 gallon standing-bath Forty 
gallons of twelve-volume peroxide are added to 200 gallons of water and 
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neutralised by the addition of 2 lbs. of sodium silicate dissolved in half a gallon 
of hot water. 

Temperature of the Bleachlng-bath. — The best temperature for bleaching 
with hy^ogen peroxide is 100° F. (40° C.) Above 40° C. hydrogen peroxide 
is lost rapidly, and at lower temperatures its bleaching action is only 
developed slowly 

The Use of Assistants. — ^Various bodies are used either with the object of 
assisting penetration of the bleaching hquor or controUing the rate of evolution 
of oxygen. 

Soap is sometimes added, since it increases the wetting or penetrating power 
of the liquor. From 1 to 3 lbs per 100 gallons is a suitable quantity. The soap 
chosen must, of course, be readily soluble in water at the temperature of the 
bath. A pure olive-oil soap or turkey-red oil is most suitable. It should be 
remembered that if the goods have been completely scoured they will be per- 
fectly permeable, while, if not, soap will not remedy the defect, and patchy bleach- 
ing is in any case probable. 

Stabilising Agents. — The difficulties associated with peroxide bleaching 
may be inferred from what has been said already But they may be summarised 
briefly. They are — 

1. Acid or neutral solutions are not sufficiently active. 

2. Alkahne solutions are hable to lose peroxide too rapidly to exercise their 
full bleaching eflect 

3. Particles of dirt, suspended mineral matter, metals or their oxides act 
as catalysts, causing rapid decomposition of the peroxide 

4. The bleaching action is developed best m a warm bath, but instability 
varies inversely with the temperature. 

Stabilising agents are used in order to prevent too rapid decomposition of 
the hydrogen peroxide under the conditions of the bleachmg-bath. The more 
important are — 

1. Colloids . — ^The stabihsing efiect of sodium silicate has been referred to 
already It performs a dual function in the bath, both neutralising the free 
acid and, on account of its colloidal nature, acting as a stabilising agent. Soap, 
also a colloid, acts as a stabiliser and is used sometimes for this purpose Other 
colloidal bodies, such as glue, could be used equally well 

2. Wolfenstein (J S.OJ., 1907, p. 1276) patented the use of salts of an acid 
stronger than carbonic acid and having an alkahne reaction to litmus, such 
as those of phosphoric acid. Both ammonium and sodium phosphates are used 
commonly as stabilisers. From ^ to 1 lb. per 100 gallons is sufficient 

3 But the most important stabiliser is magnesia, MgO This acts, as stated 
above, by forming magnesium hydroperoxide. Baths containing this compound 
may be used even at the boihng-pomt. The quantity of magnesium oxide re- 
quired is about the same as the weight of hydrogen peroxide present in the bath, 
t.e. 10 gallons of ten-volume peroxide would require about 3 lbs Whenever 
magnesia is used the bleached goods must always be soaked in a bath of dilute 
acid before washing. 

The Bleaching Process. — Only soft, or softened, water should be used in 
prepanng the bleaching-bath. It must be free from suspended matter or dis- 
solved organii|(^ impurities. It is very important, also, that the goods should be 
thoroughly scoqred before bleaching. Calcium and magnesium soaps, in par- 
ticular, should be absent, since they inhibit penetration of the liquor. 
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The bath is heated to a temperature 'of about 100° F. The scoured goods 
are hydro-extracted and passed into the bath The steam is then turned on 
until the temperature reaches 100° F. The goods are generally worked m the 
bath at this temperature for about three hours, after which they are left in the 
bath for some hours and allowed to cool oB. Circulation is very important. 
Heavy goods often become pressed together and incompletely bleached in con- 
sequence. In the case of piece goods some form of mechanical circulation should 
be provided, but it must not be forgotten that agitation of the liquor increases 
its rate of decomposition The strength of the liquor and its reaction should 
be tested from time to time and adjusted if necessary If the goods are left 
in the liquor, they should be kept completely immersed by means of the 
perforated hd, but sometimes, after the preliminary working, they are taken 
out of the bath and exposed to the air to complete the bleaching action 

After bleaching the goods are wrung out, the peroxide liquor being returned 
to the bath, and well washed with soft water A prehminary bath of sulphuric 
acid (1° to 2° Tw.) is, however, often used before washing, as it helps to clear 
them. After washing they are hydro-extracted and dried 

The cost of peroxide bleaching can be reduced by combining it with treatment 
with sulphurous acid or potassium permanganate. If sulphurous acid be em- 
ployed, the goods from the peroxide bath are washed with water, soaked in 
a solution of sulphur dioxide in water or acidified sodium bisulphite for two 
or three hours and then washed again If the peroxide and permanganate 
bleach be used, treatment with the latter comes first This process will be 
descnbed later 

The used peroxide liquor is tested by one of the methods described and made 
up to the correct concentration for the next lot of goods 

Sodium Peroxide, Na^O^. — This body is formed when dry carbon dioxide 
free air is passed over metallic sodium heated to a temperature of 300° C Pure 
sodium peroxide is a white powder, but the commercial peroxide is yellowish in 
colour, containing from 95 to 98 per cent, of sodium peroxide, Na^Oj A crystal- 
line product, NajOg SHjO, is also known 

Sodium peroxide is stable if kept in a closed vessel at a low temperature and 
free from moisture, but when heated it gives up oxygen in accordance with 
the equation 

NajO,=NagO-}-0 

It thus contains about 20'5 per cent of “ available ” oxygen, and is a very 
powerful oxidising and bleaching agent If left m contact with inflammable 
orgamc substances, such as wool or cotton, the heat evolved by the oxidation 
is sufficient to ignite the material.* Sodium peroxide dissolves in water, but is 
at the same time decomposed When it is treated with cold water, hydrogen 
peroxide and sodium hydroxide are formed and much heat is developed — 

NagOi8-H2H,D= H*0,-i-2Na0H. 

If, however, hot water be used, the hydrogen peroxide is decomposed and oxygen 
IS evolved 

When treated with cold dilute solutions of acids, sodium peroxide yields 
hydrogen peroxide and the sodium salt of the acid used — 

Nag 0 j-f-HgS 04 =H 20 g-fNa 2 S 04 . 

It is obvious, therefore, that a solution of sodium peroxide has the same 
properties as one of hydrogen peroxide, and that the dry sodium peroxide may 
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be regarded as a convenient source of tbe latter. It is sold in air-tight drums, 
and so long as these are kept air-tight no deterioration occurs. But when sodium 
peroxide is exposed to air it is attacked quickly by atmospheric moisture and the 
hydrogen peroxide thus formed is lost 

The Castner-Kellner Alkali Co., Ltd., who manufacture sodium peroxide, 
claim the following advantages over hydrogen peroxide (1) It is perfectly 
stable if kept properly (2) It requires less room than its equivalent volume of 
hydrogen peroxide. (3) There are no glass carboys to he broken. (4) The 
shaking incidental to transit does not afiect sodium peroxide but increases the 
tendency of hydrogen peroxide to decompose. 

The Equivalent Values of Sodium Peroxide and Hydrogen Peroxide. — 
From the equation 

Naj 0 *-fHj 0 = 2 Na 0 H+H 404 

it 18 seen that 78 parts by weight of sodium peroxide peld 34 of hydrogen 
peroxide 

Hence, 1 part of hydrogen peroxide requires 2-29 parts of sodium peroxide. 
Now, ten-volume peroxide contains 3 per cent, by weight of hydrogen 
peroxide That is, 10 gallons contain 3 lbs To produce this, 3x2-29, te. 
6-87 lbs of sodium peroxide, would be required Hence, 6-87 lbs of so^um 
peroxide dissolved in 10 gallons of water give approximately a ten-volume 
solution Or, according to the Castner-Kellner Co , one case containing 240 lbs 
of sodium peroxide will make 290 gallons of ten- to twelve-volume peroxide 
Preparation of Bleaching Solutions. — ^An aqueous solution of sodium 
peroxide cannot be used for bleaching, since it contains sodium hydroxide This 
would damage wool and silk rapidly, and cause also tendenng, due to oxycellulose, 
if used with hydrogen peroxide for bleaching cotton 

The sodium hydroxide must be replaced by a milder alkali, such as ammonia 
or sodium silicate This is usually done in the following manner • — 

Before dissoliring the sodium peroxide, sufficient sulphuric or hydrochloric 
acid IS added to the water to completely neutralise the sodium hydroxide pro- 
duced and leave the bath faintly acid. 

From the equation 

Naj 0 j,-fHjS 04 =NajS 0 «+Hs 0 * 

it is seen that 78 parts of sodium peroxide require 98 of sulphuric acid. Hence, 
for each pound of sodium peroxide used, 1'26 lbs. of sulphuric acid are necessary. 

1*26 

If the acid is 96 per cent strength, the quantity would be X 100, or 1-32 lbs. 

96 

A little more than the theoretical quantity is used. Having mixed it with the 
water in the bath and allowed the mixture to cool, the weighed sodium peroxide 
IS then scattered over the surface of the liquid and stirred in. When the sodium 
peroxide has dissolved completely the solution is tested with htmus paper. If it 
be not acid, insufficient sulphuric acid was used and sodium hydroxide is present. 
More dilute sulphuric acid must now be stirred in till the reaction of the bath is 
distinctly acid to litmus But, as with hydrogen peroxide, the bleaching-bath 
must be faintly alkaline. Dilute ammonia solution is stirred in carefully, little 
by little, till the reaction of the bath is just alkaline to phenol red 

The bath is now ready for use. Sodium silicate may be used instead of 
ammonia if preferred, and also any of the assistants mentioned in connection 
with hydrogen peroxide. 

The water used for making up the bath should be soft or softened, free from 
suspended matter, orgamc matter, and iron. The acid used should be iron free 



THB KON-CHLORIKATBD OXIDISINQ BtiBACBINO AOBSTTS. 513 


aho Hydrochloric acid, if it does not contain iron, has some advantages over 
sulphuric acid It evolves much less heat than sulphuric acid when mixed with 
water, and also in the decomposition of the ■sodium peroxide 

The quantity of hydrochloric acid required is found thus 

NagOa +2HCl=2NaCl+HgOa, 

i e 78 parts of sodium peroxide require 73 of acid, or 1 part of sodium peroxide 
requires 0 93f) of acid 

If hydrochloric acid of 30“ Tw is used, this contains 30 0 per cent of real 
hydrochloric acid Hence, the ciuantity required for each part of sodium 

, , 0 93hx100 

peroxide bee omes — , or 3 12 

o() 

Magnesium suljihate may be employed instead of acid to decompose the 
sodium jieroxide, giving a bath containing magnesium hydroperoxide which, as 
mentioned above has considerable stabihty, and is useful for goods which are 
difficult to bleach or require a higher temperature than usual 

The reactions are — 

Naa0g4Hg0-=Hg0gH 2NiOH, 

2NaOH 4MgS04-=Mg(OH)2T-Na2S04 

The sodium hydroxide is thus replaced In insoluble and therefore harmless 
maguesmin hvdroxidc a turbid bath coutaimug mignesvum hydroperoxide 
hciiig produced Mignesium sulphite is used as crystilline Epsom salt, 
Mg804 7Il20 For each pound of sodium peroxide used, 3 2 lbs of Epsom 
salt are required This is first dissolved in water in the bith and the sodium 
peroxide is stirred in grwliialli 

After the bath is made up, it is idvisible to let it stand for a short time ond 
skim off my scum which rises to the surface The strength of the bath varies 
with the miterud to be blciched, but from 10 to 1*) lbs of sodium peroxide to 
eich 100 gallons of bleaching liquor is generalU sufhrient 

The bleaching vessel is of the same kind as used for hydrogen peroxide, and 
the tem])erature and duration of bleaching are also the same After bleaching, 
the goods are waslied with water but, as with hydrogen ])eroxide it is advan- 
tageous to give them a jircliminary bath of dilute acid (e g 1° Iw hjdrochlonc 
acid ) 

C'ertain points in connection with the use of sodium peroxide are emphasised 
by the Cistiier Kellner Co When handling sodium peroxide in powder form, as, 
for instince, when weighing it out to prepare a bleaching liquor, a scoop made 
of tinned or enamelled iron should be used Peroxide must never be weighed 
on sc lie p ins Any traces of iron or copper which might be obtained from metal 
pans would act as a catalytic agent in the bleaching bath A special vessel made 
of glass, earthenware, or enamelled iron should be ke])t for the purpose Scoops 
must be perfectly clean and dry After using they should be washed at once ■with 
water and dried carefully 

A separate dissoliaiig tank for making the sodium peroxide solution has some 
advantages It enables a strong stock solution to be prepared from which 
several bleaching tanks can be served A round wood tank built up like the 
top half of a barrel, fftted with a mechanical wooden stirrer, is recommended 
It should have two run off cocks of wood, one 2 to 3 inches above the bottom, 
for the bleaching liquor, and the other at the bottom for running off the waste 
The floor of the tank should slope distinctly towards thw waste cock 

A few examples of sodium peroxide bleaching-baths may be noted 
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For fine cotton goodn and laces the Castner-Kellner Alkali Co. recommend 
the following bath — 

100 gallons of water, 

lOj lbs. snlphnnc acid of 168° Tw., 

8 lbs sodium peroxide, 

^ lb sodium phosphate. 

Before introducing the goods, sufficient ammonia is added to produce a slight 
alkalinity to litmus paper The bath is gradually heated to 50° C., when the 
goods are entered and treated as already described. 

It IS now unnecessary to use sodium phosphate, since all the peroxide made 
by this firm for bleaching purposes contains this substance 

Koechlin {J 8 C /., 1899, p 1119) employs the following method for cotton 
goods. They are boiled for six hours at a pressure of two-thirds of an atmosphere 
in a liquor containing 10 kg of dry caustic soda, 10 kg of soap, 1 kg of calcined 
magnesia, and 30 litres of hydrogen peroxide to 1000 litres of water They arc 
then washed, soured, again washed and dned The white produced is said to 
be better than that obtainable with hypochlorites 

Mohr’s bleaching process (y Soc Dyers and Col., 23) is said to dispense 

with the necessity of lye boiling The process is as follows — 

1 Immediately after singeing, the fabnc i.s passed through a Foulard machine 
containing an old bath from the oxygen bleach (3) It is then passed, in rope 
form, into wooden vats m which it remains for about forty-eight hours 

2 When the goods are completely softened, they are run through a washing 
machine and then into a lead-lined iron bleaching kier A special mechanism 
ensures that the goods are impregnated with a bleaching-powder solution and 
automatically arranged in the kicr, which is closed and kept under prlssure for 
from one to two hours The goods are then rinsed, acidified, and nnsed again 

3 A solution of sodium peroxide is then jnimped on to the goods in the kier 
and allowed to act on them for three to four hours at 60° C After pumping off 
this liquor the kier is opened and the goods run without rinsing into a washing 
machine containing a weak soap solution from which they jiass to another con- 
taining pure water 

Aimljrsls of Sodium Peroxide.— A weighed quantity of the powder is dis- 
solved in a slight excess of dilute sulphuric acid and the solution made up to 
a definite volume This is then tested by any of the methods described for 
hydrogen peroxide Bleaching liquors are also tested in the same way 

The Per-acld Bleaching Agents. 

This name is given to derivatives of acids derived from hydrogen peroxide by 
substituting an acid radicle for one or more of the hydrogen atoms. The class 
incluiles perborio, iiersulphunc, and percarbonic acids, all of which are used as 
bleaching agents 

If hydrogen peroxide be represented by the formula H— 0— 0— H, and bone 
acid by the formula 0 B— OH, then perbonc acid is 0-B— 0— OH 

Similarly, the relationship between sulphuric acid and persulphunc acid is — 

Sulphuric acid, HO SO, OH ; persulphuric acid, HO.SOj.O— 0— H 

The term peracid has sometimes another meaning, as in the case of perchloric 
acid, HCIO 4 , or permanganic apid, HMn 04 . these cases it sigmfies that the 
acid-forming oxide exists in the highest known state of oxidation. Thus, 
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permanganic acid is derived from the keptoxide of manganese, Mn 207 , in which 
manganese exists in its most highly oxidised condition — 

Mn, 0 ,+H* 0 = 2 HMn 04 

The salts of these per-acids are also bleaching agents, but they act, as a rule, in a 
different manner They tend to give nascent oxygen directly when decomposed, 
while the true per-acids give in the first instance hydrogen peroxide, which 
breaks down subsequently into oxygen and water Fuller information may be 
found in Stewart’s Recent Advances in Physical and Inorganic Chemistry, from 
which many of the facta given here are taken 

Sodium perborate is an important bleaching and oxidising agent. It may 
be regarded, as indicated above, as the sodium salt of perboric acid, HBO3. 
This acid has not, however, been prepared Sodium perborate may be pre- 
pared by treating solutions of borax or boric acid with hydrogen peroxide or 
sodium peroxide at a low temperature. The various methods are summarised 
by the following equations . — 

(1) 2NaOH+NajB^O, lOHjO+iHgOad-HgO^iNaBOs+lfiHjjO 

(2) Nag 0 g-fH 3 B 03 -fHCl-f 2 Hg 0 =NaB 03 4H30+NaCl 

(3) Nag03+Hg0a+2H3B03 ^2NaB03 4H30 

The formula NaBOj 4 H 2 O is not undisputed Foerster {J Soc. Dyers and 
Col, 1921, p 2.51) regards it as NaBOg HgOg 3HgO. According to Jaubert 
(J SC 1 , 1904, p 1 145), if 248 grammes of boric acid be mixed with 78 grammes 
of sodium peroxide and the mixture added gradually to 2 litres of cold water, a 
solution IS obtain<*d which subsequently throws down crystals which may be 
filtered ^fT and dried at a low temperature. When titrated with potassium 
permanganate these crystals give up oxygen corresponding to the formula 
NugB^O^ lOHgO If sufficient acid be added to the solution to neutralise half 
the sodium present, crystals of sodium perborate, NaBOg 4HgO, are obtained 

Properties of Sodium Perborate.- - Sodium perborate is a white crystalline 
substance which is quite stable if kept dry It is sparingly soluble in water. 
At 15° C 100 parts of water dissolve 1-93 of the salt. When sodium perborate is 
dissolved in water, beat is absorbed and the solution becomes colder It is mure 
soluble in warm water, but at temperatures above 35° C the solution begins to 
decompose When sodium perborate is dissolved by water it is also decomposed 
into a mixture of hydrogen peroxide, borax, and sodium peroxide — 

4 NaB 03 -f 6 Hg 0 = 4 Hg 0 g-fNagBg 0 ,-j- 2 Na 0 H 

Owing to its linuted solubility, the hydrogen peroxide is produced very 
gradually, and its action is therefore easy to control If sufficient hydrochlonc 
or sulphuric acid be added to neutralise the sodium hydroxide produced, a 
bleacbing-bath containing hydrogen peroxide and borax is obtained. 

Weaker acids, such as sodium bicarbonate, may be used for the same purpose 
Solutions of sodium jicrborate are rendered unstable, like those of hydrogen 
peroxide, by metals, such as iron, copper, or manganese, or by dirt. 

The presence of borax in the solution makes it possible in some cases to scour 
and bleach at the same time, and perborates are used in this way for laundry 
work. 

It will be seen from the equation given above that each molecule of sodium 
perborate, NaBOg.4HgO, yields one molecule of hydrogen peroxide or one atom 
of oxygen. This corresponds to 10*3 per cent, by weight, the available nxyg^ 
being about half that of sodium peroxide. 
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To prepare a bleaching-bath the perborate ahould be disaolved in warm water 
containing a slight excess of acid The solution is then made faintly alkaline m 
the same way as one made from hydrogen peroxide Cotton goods should not 
be put into a bath containing undisaolved particles of perborate, since these may 
become deposited on the fabric and cause local over-bleaching. The bleaching 
is carried out in the same manner as with peroxide bleaches 

According to de Keghel (Leu Praluetx de Blanchentent, p 169) a solution of 
sodium perborate is completely deromposed at 08° C If, however, sodium 
pyrophoa})hato be added to the solution, the stability is increased greatly, com- 
plete decomposition only being brought about at the boilmg-point This is due 
to the formation of a pcrjiyrophosphate, to which de Keghel aasigns the formula 
(Na 4 Pg 09)2 J HjjO . 

Pers^phuric acid exists in two forms (1) permonosnlphunc acid or Caro’s 
acid, HgSOj, and (2) perdisulphunc acid, The mono- or Caro’s acid is 

obtained by (1) the electrolysis of a fairly concentrated solution of sulphuric 
acid , (2) the action of concentrated sulphuric acid upon concentrated hydrogen 
peroxide , (.3) as the potassium or ammonium salt by electrolysis of a saturated 
solution of potassium sulphate in dilute sulphunc acid 

For the last method of preparation, the solution of the potassium or ammoniu 
sulphate is placed in a platinum dish, which serves also as the anode. Into tl^^ 
IS dipped a ])orous pot containing ililute sulphuric acid and a platinum wii 
cathode The surface of the cathode must be small for good results Tf 
platinum dish is cooled with water and a current of about 3 amperes is user 
After a day or two potassium iiersulphate begins to crj'stallise out 

Perdisulphuric acid can be prepared by treating cooled chloTOsulphon^i^ 
acid with hydrogen peroxide m accordance with the equation 

2S020HCl-f H202-2H(JH KgSgO* 

The free acids are unstable In the presence of water they are changed, 
gradually, into sulphuric acid and oxygen, with hydrogen peroxide as an inter- 
mediate product This decompo.sition is shown by the equations 

HaS^Og-f lIjO =H 2 ,S 04 -hH 2 S 09 , 

HjSOb +H2O =H2S04-f II2O2, 

HjSOj +H2Oj=IT2SO«-t-H20-)-0a. 

The persulphates are soluble in water According to Slater Price, the solu- 
bility of potassium persulphate, KjSgO*, is less in solutions of potassium salts 
than in water and gre.ater in solutions of sodium salts The increased solubility 
18 due probably to the transform.ation of potassium into sodium persulphate 
The decomi> 08 ition by water is represented by Slater Ihice as — 

K2Sa0g-fH20=2KHS0«-fi0g. 

The reaction is ummolecular and is accelerated by acids The rate of libera- 
tion of oxygen is very slow at ordinary temperatures It commences at tem- 
peratures over 30° C , the rate increasing gradually with rising temperature up 
to 100° C The oxidising action of these compounds is on this account very easy 
to control 

Examples of the oxidising action of persulphates are the hberation of iodine 
from potassium iodide, chlorine from chlorides, the oxidation of ferrous to feme 
salts, and of manganese salts to permanganates. The reaction in the case of 
potassium iodide is 

K*Sa08-l-2KI=2KgS04-fl2 
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This reaction, and the liberation of chlorine from chlorides, is very sensitive to 
catalytic agents, such as salts of iron or copper. Iron salts are more active than 
those of copper, but acceleration is produced by mixing salts of both metals. 
According to Slater Pnce, silver salts act also as catalysts. Thus, a solution of 
potassium persulphate contaimng a small quantity of silver mtrate and acidified 
■with iiitnc acid oxidises benzol to qmnone, and then the quinone 'to maleic acid 
and carbon dioxide Oxalic acid is oxidised quantitatively 'to carbon dioxide. 
Similar reactions take place in the absence of silver nitrate, toluene being oxidised 
to benzaldehyde and benzoic acid 

Persulphates may be used as bleaching agents in two ways, either oxygen 
or chlorine being liberated as desired The former is the normal action. To 
develop chlorine, the cotton may be warmed with a solution of potassium per- 
sulphate and sodium chloride. The authors have made rather extensive experi- 
ments, but have been unable to bleach cotton without at the same time producing 
considerable quantities of oxyceUulose. This is also the experience of other 
observers 

Percarbonates are prepared by methods similar to those used for per- 
sulphates The potassium salt has the formula KjC’^Oe When heated it de- 
composes, giving potassium carbonate, carbon dioxide, and oxygen — 

2Kj(JgOe-=2Kjs003-|-2(J024-08 

In aqueous solution percarbonates liberate hydrogen peroxide, and also when 
treated with dilute acids — 

KaCV)a+2Ha0=2KH(’03+H30*, 

K2C3Ofl+Hj8O4=KijfeOH-20OaH-H8Oa 

Perphosphates were prepared by Alvarez by treating a cooled solution of 
.sodium phosphate with sodium peroxide and adding alcohol — 

NaaHP04+Naa02-hHaO=NaP04+3Na0H 

/O 

Potassium permanganate, KMn04 or K— 0— Mn^O, is a very important 

oxidising and bleaching agent, which has never received the attention it deserves. 
It IS the potassium salt of permanganic acid, HMn04, which is formed by the 
union of manganese heptoxide, Mn^Oj, with water — 

Mnj0,-|-Hg0=2HMn04. 

When an oxide of manganese is fused with sodium hydroxide in the presence of 
an oxidising agent, such as potassium nitrate or chlorate, a green mass containing 
potassium manganate is obtained — 

Mn 0 j-f 2 K 0 H-f 0 =KjMn 04 +Ha 0 

When the fused mass is dissolved in a large quantity of water it becomes hydro- 
lysed with the formation of potassium jiermanganate. Thus 

3KgMn04 H-2Hj0=2KMn04 -t-4K0H-l-Mn0jj 
A similar change takes place if the mass be dissolved in water and acidified — 
3Ki,Mn04-l-2HaS04=2KMn04-|-2Kis804-fMn0,+2Hj,0. 

The manganese dioxide which is formed is allowed to settle, and the clear 
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solutiun 18 concentrated tiD it crystallises, when purple crystals of potassium 
permanganate are obtained These are punhed by recrystalhsation. Instead 
of decomposing the potassium manganate by water or acid, a more concentrated 
solution may be treated with chlorine or ozonised air The reactions in these 
cases are — 

2KjMn04-hClj=2KCl+2KMn04, 

2K^Mn04+H^0^-O3=2KOH+2KMll044 Og 

Potassium permanganate forms purple crystals with a greenish lustre winch 
contain no water of crystallisation It is somewhat sjiaringly soluble in cold 
water, 100 c.c dissolving 4-3 grammes at 10° V It is, however, readily soluble 
in hot water Its solutions have a deep purjilish colour if concentrated and 
pinkish purple when dilute They have also a jieculiar and characteristic taste 

When heated, it is decomposed with the evolution of oxygen and formation 
of potassium manganate and manganese dioxide - 

2KMn04=K2Mn04d MuOg4 Oj 

It IS, also, very readily decomjiosed by concentrated sulphuric acid with 
evolution of oxygen — 

4KMn04+6Hg804=2K2S04+4MnS044-6Hg0+50g. 

When potassium permanganate is heated with concentrated sulphuric acid 
this reaction is so rapid as to cause an explosion, but it is not decomposed by 
dilute acid even when boiling unlemi nonte ojrtdisahle body w. presml. 

Thus, when heated with hydrochloric acid, chloniic is evolved thus 

(1) 2KMii04+3HgS04--Ka80442Mii804d SHgOd 50 

(2) 10HC1450 =511*046012 

Potassium permanganate owes its oxidising action to the fact that iii.ingaTiese 
heptoxide is a peroxide, which readily gives up a portion of its oxygen, forming 
manguncse dioxide, MnOg, and sesquioxide, MiigO*, or monoxide, MnO — 

Mn20,=2Mn02-f30, 

Mnj0,-=Mn203 +40, 

Mn20,=2Mn0+50 

If cotton be soaked in an aqueous solution of potassium permanganate, it 
becomes eoated with a brown deposit consisting of these mixed oxides The 
solution, at the same time, becomes alkaline in reaction This process is used 
m dyeing cotton manganese brown. The alkabmty of the solution is due to the 
formation of potassium hydroxide — 

(1) MiijO^.KgO -=2Mn0g+K20+30 

(2) MiijOy-KjO =Mng04-t-K20440 

(3) 2KjO f 2HgO=4KOH 

When a conhider.xble excess of sulphuric acid is present these oxides are not 
deposited, the action t.ikiiig place somewhat differently Probably iieniianganic 
aeid IS first liberated This then gives up oxygen, becoming changed into 
manganous oxide This oxide then dissolves in the sulphuric acid, giving soluble 
mangauese sulphate — 

(1) 2KMn04 4 H2S04=K2S04+2HMn04 

(2) 2HMn04 . IMnO+HgO+hO 

(3) 2MaO 4 2H2SO4 =2MnS0442H20. 
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Or, adding these together — 

2KMn04+3H8804=KgS04+2MnS0«+3H20+50. 

Thus, two molecules of potassium permanganate contain five atoms of oxygen 
available for oxidation or bleaching. When this reaction takes place in the 
presence of an oxidisable substance, the oxygen, being in the nascent condition, 
has great chemical activity 

The following are illustrations of the oxidising action of potassium perman- 
ganate, some of which are of importance in the textile industries — 

1 Sulphurous acid is oxidised to sulphuric, or sulphites to sulphates — 

2KMn04+5H*S03=K8804-l-2MnS044 3H80-f2HjjS04 

This neaction is employed for removing sulphurous acid from woollen goods after 
stoving 

2 Ferrous salts are oxidised to ferric compounds Thus, with feme 
suljihate- - 

2KMnO4-f-«H8SO4-|-]0FeSO4=K8SO4-|-2MnSO4+5Fc8{SO4)3-f-8H8O. 

3 Oxalic acid is oxidised to carbon dioxide and water — 

(1) 2KMn04+3H2S04=K8S04+2MnS04 | 3HgO-l-50. 

(2) bCaH-gO* I 60 ^lOtlOg+SHgO 

4 Potassium iodide is oxidised to iodine — 


10Kl-|-5O=-5KjO-(-5l2, 

SKgO 4 5HaS04=5KgS04-h5H30. 

5 Many leuco compounds of dyestuffs are oxidised to the original colouring 
matter from which they were formed by reduction Thus, indigo white is 
oxidised to mdigo blue — 


COH 

NH 




5CeH4/ >0 C 


^0.H4 f 50 


(-0 /CO. 

=5C,H4< >C Cr >CeH4-l-5HgO 




6 Very many dyestuffs are oxidised into mixtures of simpler colourless and 
soluble compounds when boiled with jiotassium permanganate and sulphuric 
acid 

It has been mentioned already that it is possible that traces of ozone are formed 
when oxygen is evolved from a mixture of potassium permanganate and sulphuric 
acid. 

The action of potassium permanganate on hydrogen peroxide has been 
described on p. 505 

Potassium Permanganate as a Bleaching Agent.— Two molecules of 
potassium permanganate contain five atoms of available oxygen. This is equiva- 
lent to 25-3 per cent The percentage of available oxygen is greater than that 
of sodium peroxide, and the whole of it may be utihsed for bleaching. 

When cotton is soaked in an aqueous solution of potassium pwmanganate 
it 13 both bleached and dyed brown at the same time , but the bleaching action 
only becomes apparent when the oxides of manganese are removed. They 
cannot be washed away with water, nor are they soluble in a dilute acid But 
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if the cotton be treated with eulphurous acid, the oxides are reduced to manganous 
oxide, which is readily soluble m acids — 

Mn0j+80,+Hj0=Mn0+Hg804, 

=MnS04+H20, 

MnsOa+SOj-l Hij0=2Mn04-H*804, 

2MnO^ 2Hj804=-2Mn804+2H20 

If some of the brown cotton be put into a bath of sulphurous acid, the oxides of 
manganese are immediately reduced and dissolved, and it will be seen that the 
cotton is bleached 

But this method could not be used, since potassium hydroxide is produced 
m the first stage, and oxidising agents in the presence of caustic t Ikali produce 
oxycellulose and consequently tendermg Hence, the alkali must be removed 
or neutralised This may be done in two ways, viz — 

1 By keeping the bath acid 

2 By adding magnesium sulphate to the bath in order to replace potassium 
hydroxide by magnesium hydroxide 

Both methods are used, but the former is generally preferred Sulphuric 
acid IB emplojed Hydrochloric acid would not do, because, as noted above, it 
would be oxidised to chlorine 

A<(ording to the equation given above, two moleiules of potassium perman 
ganate require three of sulphuric acid But if cnl) this quantity be used the 
oxides ate still deposited, and must be reduicd before they can be removed 
This means that some of the available oxygen is wabted, and this addb to the 
exjieube of the process 

When a solution containing about 5 per cent of suljiliunc acid is employed, 
no oxides are dejiosited on the cotton and the whole of the available oxygen is 
utilised But there is another and better method of utilising the whole of the 
available oxygen If the cotton be treated with potassium permanganate and only 
a little suljihuric acid, so that it lictomes coated with the oxides of manganese, 
and IS then put into a bath contaiiung acidified hydrogen peroxide or an acidified 
Bolution of sodium peroxide, mutual decomposition takes plai e with the evolution 
of the rest of the available oxygen of the jiermanganate, together with that of 
the peroxide — 

Mn0*+H404^Mn04-H40+ 0^, 

MnjOa +Hg 04 - 2 Mi )0 +H 4 O + 0 ^ 

If sulphuric and be present the manganous oxide is dissolved, and a* the 
same time a further bleaching effect is produced 

Before describing the methods used, it may be said that there is some prejudice 
against the use of permanganate, as it is thought to produce tenderness {le 
oxycellulose) This prejudice arose because fiulty methods were used If 
proper precautions are taken there is less danger of producing tenderness than 
when using bleaching powder One of the authors has made quite extensive 
comjiarative experiments, the results of which induate that the white obtained 
with potassium permanganate is better and more durable than that given by 
either bleaching powder or sodium hypochlonte, and is equal to that produced 
by peroxide The copper number is also lower than that of cotton bleached by 
any chlorinated bleaching agent 

Methods of Bleaching Cotton with Permanganate. — The quantity of 
potassium permanganate required vanes with the nature of the cotton and the 
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efi&ciency of the preliminary processes, but as a rule from 0-2 to 0-4 per cent, on 
the air-dry weight of the goods is sufficient 

1 Nmtral Bath Process . — The permanganate is dissolved in water, and 
sufficient Epsom salt is added to replace the potassium hydroxide by magnesium 
hydroxide. From the equations given above it is seen that 316 parts of per- 
manganate require 246 of Epsom salt Hence, for each part of permanganate 
0’8 to 1-0 part of crystalline magnesium sulphate should be taken. 

The wet goods are soaked in this solution at atmospheric temperature for 
three or four hours. They are then placed m a cold bath of either sulphurous 
acid or diluted hydrogen peroxide and finally washed with water. When bleach- 
ing with permanganate, the degree of bleaching can be tested by withdrawing a 
small sample and dipping it in a solution of sulphurous acid Both sulphurous 
acid or peroxide baths may be used several times. 

2 Add Bath Method — The potassium permanganate (from U'2 to 0-4 per 
cent.) 18 dissolved m water and an equal quantity of sulphuric acid is added — 
2 KMn 04 requires 3 H 2 SO 4 The goods are soaked m this solution for from three 
to four hours at atmospheric temperature The quantity of acid used is in- 
sufficient, as explained above, to keep the oxides of manganese in solution. 
The goods are therefore steeped in either dilute sulphurous acid or acidified 
peroxide solution. If peroxide be used a further bleaching effect is produced. 
After reducing and dissolving the oxides of manganese, the goods are washed 
thoroughly with water. 

Dclebecquc (J.S G 1 , 1910, p. 1006) immerses the cotton m a 0 05 jier cent 
solution of sulphuric acid for ten minutes and then in a 3 per cent, solution of 
potassium permanganate for from throe to five minutes. The oxides of man- 
ganese are then removed by a bath of hydrogen peroxide Kistciijiart (/. Text 
Inst , 1924, a32) recommends the use of a bath containing 1 gramme per litre 
of ])ermangauate at a temperature of 20® 0. for three hours 

If a cold solution of sulphuric acid of about 5° Tw strength be used the oxides 
of manganese are not precipitated Since all the available oxygen is now made 
use of, less permanganate is required than when only a .small quantity of acid 
IS employed. The cotton is steeped for half an hour in the acid, and the per- 
manganate, previously dissolved in water, is then introduced in several portions. 
After bleaching, the goods are washed with water No treatment with sulphurous 
acid nor peroxide is necessary This process appears to have been recommended 
first by Manzoni, who steeped the cotton m sulphuric acid of 7^° Tw density 
and used about 0 5 parts of permanganate for each 100 of cotton 

The acid baths are better than the neutral baths Kind (J S.C 1 , 1920, 16a) 
states that the oxygen is rendered less active by the presence of magnesium 
hydroxide Ristenpart {loc cit ) concluded, also, that acid baths give the best 
whites, but if a product with the highest tensile strength is required neutral 
baths are better, though at the sacrifice of some brilliancy of colour. The 
expeneiice of the authors is that if the acid bath is used carefully there is no 
diminution of tensile strength. 

Potassium bichromate (or dichrumate), K^CrgO,, although not useil as a 
bleaching agent, may be mentioned, since it is of considerable importance in 
other textile operations. It is very similar in its properties to potassium per- 
manganate, containing three atoms of loosely combined oxygen. 

It IS made by fusing chrome ironstone with potassium hydroxide, or carbonate, 
in the presence of air. Potassium chromate, iron oxide, and carbon dioxide are 
formed — 

4Cr,0j.Fe0-+-8KgC0,+70,=8K,Cr04-t-8C02-t-2Fe20g. 
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The soluble chromate is separated from the fused mass by extraction with water 
The solution is then treated with sulphuric acid, which converts the potassium 
chromate into bichromate — 

2K2Cr0*+HjS04=-K*Cr80, f K^SO^+HgO 

Potassium bichromate is only sparingly soluble in water, and can be obtained 
by (oiuentratiiig and crystallising the solution 

Potassium bichromate is a red crystalline substance At 10° C 1(X) parts of 
water dissolve 8 parts of the salt, and at ItXP C 96 parts It is the salt of 
dichromic acid HjCtjO,, i^hich is itself derived from chromic acid, thus 

2Hj('r04-H20+HjtV>7 

(Jhromic acid is formed by the c ombination of c hromium trioxide with water — 
CrO^d H^O=HA 04 

Hence, dichromic acid is also a derivative of chromium tnoxide Chromium 
trioxido (or chromic anhydride) is obtained when a cold concentrated solution 
of potassium bichromate is treated with sulphuric acid 

KijCr^O^-t 2 H,S 04 - j 2 KHS 04 +Hg() 

The chromic anhydride crystallises from the solution in dark red crystals 
When a solution of potassium bichromate is treated with an alkali it is converted 
into potassium chromate 

K/'r 4 (J,+ 2 KOH= 2 K 40 rO 4 +H 4 O 

Potassium bichromate is a very powerful ovidising agent, but it acts only 
in presence of an acid Tins is because chiomic acicl is first foimecl which is 
unstable, breaking down into chromic hydroxide and oxygen — 

(1) KaCraO, -I HjS04+H40=K4S04 ^ 2H,( rO* 

(2) 2 H 4 Cr 04 -| HjO -2Cr(0n),f30 

It IS evident from these equations that one molecule of potassium bic hroniate 
contains three atoms of oxygen available tor oxidising purposes In the presence 
of sulphuric acid the chromic hydroxide produced in equation (2) is dissolved to 
form chromic sulphate — 

2Cr(OH)34 3HjS04=Cr4(804)3H SHgO 

A mixture of potassium bichromate and sulphuric acid is used for stripping 
dyestuffs from textile fabrics When potassium bichromate is strongly heated, 
oxygen is liberated in accordance with the equation 

4K*Cr30,-4K3Cr04+2t'r303 f 30* 

If ]»otassium bichromate be heated with hydiochloric acid the oxygen 
liberated oxidises the excess of acid to chlorine— 

K,C r307+14HCl-2KCl f 2CrClg 1 7H2()+3Cl3 

This forms a convenient method for prepanng small quantities of chlorine 

Other examples of the oxidising action of potassium bichromate are — 

1 It oxidises ferrous sulphate to feme sulphate — 

6FeSO4+K3Cr4O,+7H3SO4-3Fe3{SO4),+Cr3(SO4)j+H3SO4+7H30 
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2 Sulphui dioxide, or its compounds, are oxidised to sulphuric acid or 
sulphates — 

K*Crg0,+4HaS04=K,S0.-f-Crii(S0«)3+4Ha0+30, 

3Hj80a+30=3H,804 

3 Iodine is liberated from potassium iodide m the same way as ihlorine is 
from hydrochloric acid — 

KjCraO,-l-6KI+14HCl=8KCH-2C!r(’l3 | THaO 

The Air as a Bleaching Agent.— Atmospheric oxygen is the oldest known 
bleaching agent It is still used for household goods and linen It owes its 
action jiartly to traces of orone and hydrogen peroxide Country air contains 

1 part of ozone by volume in 700,000 More is present in spring than iii summer, 
and more in summer than in winter It is more abundant on rainy than on 
fine days, and its presence is favoured by west or south west winds Air, per se, 
IS of little use as a bleaching agent in the absence of diffuse sunlight Its bleaching 
action IS only developed under the influence of actinic rajs In the neighbour- 
hood of towns, the atmosphere is contanuuated with suspended matter and 
]mtrefactive organisms, and the exposure of goods out of doors results, t ommonly, 
in their becoming spotted with soot and other impurities It is only in country 
districts that ex])Osure to air la practuxible But the process of bleaching by 
air IS very slow Cotton bleaching is essentially a ‘ quick ’ trade Goods 
must be bleached and delivered, often, within a day of receipt This alone 
makes the use of atniosjihcric oxvgcn impracticable under ordinary conditions 
But interesting attempts have been made to accelerate the jirocess Muller 
{J SC 1 , 1910, p 12(K)) patented the following process The goods are treated 
«it a high temperature, and under jiressure, with an aqueous solution of sodium 
or c ilcium hydroxide, through which a current of air is forced The bleaching 
is accelerated by the addition of a small quantity of a salt, such as manganese 
carbonate, which acts as an oxygen earner In a later addition (JSCI, 1911, 
p 534) further details are given Sixty kg of cotton and 1000 litres of a 1 per 
cent solution of sodium carbonate, containing 20 grammes of manganese sul- 
phate, are put into an autoclave, care being taken that the cotton is comjiletely 
covered with the lye The kicr is the n heated for two hours under a pressure of 

2 atmospheres, air being excluded A current of air, at a pressure of 1 to 1 5 
atmospheres greater than the steam jiressure, is next directed on to the surface 
of the lye until the bleaching operation is complete The lye is then run off, 
the cotton washed and treated for a minute with a 0 5 per cent solution of sodium 
bisulphate, to remove the precipitated oxides of manganese It is then washed 
again, and finally dried If this process were practicable ill would be very valuable, 
because the lye boiling and bleac hing arc carried out jiractic ally simultaneously 
The authors have made laboratory tests of the method They found that while 
there is no doubt about the bleachiiTg, the bleached cotton was always tendered, 
owing to the formation of oxycellulose The same criticism ajijilies also to a 
later process by Anders (JSCI, 1918 121 a ), who wets out the cotton with 
hot milk of lime and then bleaches it in a hath of the same hc|uc)r, containing 
also an oxygen carrier, by moans of a current of air 

Some experiments described by Thorne (JSCI, 1914, p 729) indicate 
that atmosphenc oxygen might be used in connection with bleaching powder 
solutions with advantage He found that in the bleaching of paper pulp by 
means of bleaching powder, the amount of chlonne required could be de- 
creased by from 30 to 50 per cent by the introduction of oxygen in a state 
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of very fine division. In the absence of bleaching powder oxygen had no 

produced by the action of a silent electric discharge upon air 
or ox^n ’ ItmoShScloL is formed in this way, and also by the a^on 
of the ultra-violet on atmoaphenc oxygen. Trac^ of 

during the slow oxidation of many substances If a stick of , 

be placed in a lar of moist air, the presence of oaone can soon be “7 

Its wcuhar nneVL and power of liberating iodine from iiotassium iodide This 
reaction may, perhaps, be represented by the equation 

4P-}-20j,=P40-i 0*. 

Traces of ozone are produced, together with oxygen, by 
actions For example, a mixture of potassium permanganate and snlphuric acid 
owes its peculiar smhU partly to the hberation of traces of ozone 



i’lo 170 — Siemens Ozonjfeei 


Ozone cannot be prepared alone, but only mixed with air or oxygen Ozon- 
ised air 18 made by subjecting air to a silent electric discharge The appar^us 
of Siemens is illustrated in fig 176. It consists of two concentric tubes. The 
inner tube is coated on its inner surface with tinfoil, which is m metallic content 
with the terminal B, and the outer tube w coated ou its outer surface with tin- 
foil which IB in metallic contact with the terminal U The two terming are 
connected to an inductor coil. A slow stTcam of oxygen is passed from the gas- 
holder F, first through a drying tube, E, conteiniiig calcium chloride, and then 
through the annular space between the concentric tubes, where it is exposed to 
the iM'tion of the silent electnc discharge produced by the battery A and induction 
coll C The gas issuing from the ozoniser contains from 3 to 8 per cent of ozone. 
It is important that the apparatus should contain no exposed rubber points or 
corks, since both of these substances decompose ozone. , t , 

The reaction 30g:^20g is reversible, and this explains why only a himted 
quantity of ozone can be produced when air is passed through the ozomser. 

On the commercial scale ozonised air may be obtamed by the apparatus 
shown in fig. 177, which is made by the Ozonair Co., Ltd, 
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Ozone may be prepared alao by allowing air to act upon mixtures of organic 
substances, as in the method of Georgevics, in which a mixture of resm, turpentine, 
and hydrogen peroxide is used The ozone dissolves m the turpentine, from 
which it can be extracted subsequently by washing with water. 

Properties of Ozone. — Ozone has a strong and characteristic smell. It is 
soluble in water, one hundred volumes of water dissolving one volume of ozone 
at ordinary temperatures It diasolves, also, in turpentine and certain other 
iiiorgame liquids Ozone can be separated from ozonised oxygen by passing the 
latter through a tube immersed in boiling liquid oxygen In this way a solution 
of ozone in liquid oxygen is obtained If most of the oxygen be then allowed 
to evaporate, a deep blue liquid, rich in ozone, is obtained When ozone is kept 
at ordinary atmospheric temperatures it changes gradually into oxygen If 
ozonised air be heated to a temperature of 300° C , the ozone it contains is com- 
pletely decomposed Ozone is an extremely powerful oxidising agent Thus, 
it oxidises silver to silver oxide, a change which cannot be brought about by means 
of oxygen Mercury is also changed into mercuric oxide when exposed to the 
action of ozonised air — 

Aga +Oa= AgjO-fOg, 

Hg+03=Hg0-f0, 

Other examples of the oxidising action of ozone are — 

1 It liberates iodine from potassium iodide — 

2 KI-(- 03 -f iraO=2KOH-|-Ia4 Oj 

This reaction is used as a means of detecting ozone in air If a piece of filler- 
paper, moistened with a solution of potassium iodide and starch, bo exjiosed to 
air containing ozone, the blue colour of iodide of starch is at once yiroduced. If 
a known volume of ozonised air be pa.s.sed through a solution of potassinni iodide 
and the liberated iodine titrated with decmormal sodium thiosulphate, the ozone 
present may be estimated 

2. Ijead suljihide is oxidised by ozone to lead sulphate- - 
PbS-f403-PbS04-f40*. 

3 Many colouring matters, such as a moistened litmus paper, arc bleached 
when exposed to the action of ozonised air 

4 Many micro-organisms are destroyed by ozone Ozonised air is, on this 
account, used in the ventilation of the air in large buildings or underground 
railways 

When ozone is brought into contact with metallic peroxides (c g manganese 
peroxide, MnOg) or finely divided platinum, it is changed into ordinary oxygen, 
the metal or oxide acting a.s a cataljdic agent 

The uxidcsing action-of ozone depends upon the fact that the molecule splits 
up readilv in accordance with the equation 

Os=Oj-fO. 

A molecule and an atom of oxygen are produced, and the latter being in the 
nascent state exhibits great chemical activity. When ozone is heated alone, the 
two liberated atoms combine to form a molecule, since an atom cannot exist m 
the free state - 

03-|-03=0j-|-0-|-0j-1-0=30j 

For similar reasons ozone acts, also, as a reducing agent when brought into 
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contact with bodiea containing another atom of loosely combined oxygen 
Hydrogen peroxide is an example — 

H,0*+0,-H»0+20* 

Or in the case of sodium peroxide dissolved m water — 

NajO*-t-HjO-f 03=2Na0H+20js 

The Constitution of Ozone.— Ozone is regarded as a condensed form of 
oxygen, three volumes of the Utter giving two volumes of ozone Its con- 
stitution IS not yet fully understood It has been represented by the following 
formulas — 

(1)0, (2) 0 0 0 . (3) 0 

/\ /\ 

0-0 0 0 

The fact that three volumes of oxygen forip two of ozone may be proved by 
the following experiment - 

A quantity of oxygen is confined in a graduated barometer tube over sulphuric 
acid, and subjected to the action of an eleetru spark At first an expansion is 
observed, but when the gas has cooled again, it will be seen to have diminished 
in volume This contraction is measured, and then a few drops of turpentine 
are introduced into the tube by means of a small pijiette Turpentine dissolves 
o/onc, but not oxvgon A further contraction will be observed, corresponding to 
the amount of ozone jiresent before the introduc tiori of the turpentine From these 
measurements the relation of the volume of ozone to the volume of oxygen, from 
which it has been produced, c an be inferred The following is an illustration of the 
method — 

Volume of (luginal gas — lOOcc 

Volume of ovygin+o/onc =■ '•‘1 < c 

Volume of oxygen after the rcmov'l of ozone - *)7 C c 
Volume of oxygon converted to ozone — 100 07 Oct 

\ olumt of ozone — 99 07 2 t t 

This IS expressed by the formula 0^ 

Further proof is found that the rate of diffusion of ozone corresponds with the 
formula O, 

Ozone as a Bleaching Agent. — 0/omsed air is used as a bleaching agent 
for oils, and is said to replace successfully the “ grassing ” operation in the lileach- 
ing of linen, particularly if the material be treated, hrat, with some liquid, such 
as turpentine, which absorbs ozone 

Reference has been made to the saving of chlorine effected in the bleaching 
of cellulose by passing a current of air through the liquor Ozonised air is said 
to be still more effective Ozoiiair Ltd state that with concentrations of 0 5 
grammes or less of o/one per cubic metre of air cotton can be bleached success- 
fully without causing the production of oxycellulose The action of ozone on 
cotton has been described on p 120 

Chloramine T (or .ictivm) is the sodium salt of pira-toluene sulpho chlor 
amide and has the formula 

CHg C,H4 SOg N(Cl)Na+3HgO 

It IS made by treating an aqueous suspension of para toluene sulphonamide with 
bleaching powder and double decomposition of the calcium salt with sodium 
chloride The sodium salt which separates is punfied by recrystallisation from 
hot water 
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Chloramine is a rolourlcss crystalline body which is sparingly soluble in cold 
water. Its aqueous solution is comparatively stable, and can be boiled without 
decomposition if oxidisable substances are absent But in the presence of the 
latter decomposition takes jilace, with formation of para-toluene-sulphonamide 
and oxygen — 

CII 3 SOg N<f +HjO=CH 8 CgH^ SOjNHg+NaCl+O 
^Na 


A solution of chloramine T has very jiowerful antiseptic properties even at 
dilutions of 1 in I(X),(XX). The calcium s^t is used as a weed killer. It may be 
used also as a bleaching agent, and the para-toluene-sulphonamide which is formed 
has no action on cotton A solution containing 1 part in 5000 of water is suitable 
At ordinary temperatures its action is alow, but the rate of bleaching is accelerated 
by heating It may be used also for the preparation of solutions of soluble 
starch, about 1 per cent being necessary for this purpose 



CHAPTER XXVII. 

PROCESSES. 

Introduction. 

Having reviewed the apparatus employed in manipulating the cloth in the 
different proceasea, and studied the nature of the chemieala used and the re- 
actions which take place in rendering the impurities soluble, the systematic 
arrangement, or sequence, of the component parts of the process may n’ow 
be considered under the designation “ Methods of Bleaching,” or “ Methods.” 
Both sequence and combination depend upon the particular requirements with 
regard to the goods to be treated In dealing with cloth the method of bleaching 
may be expressed, generally, by stating the “ runnings ” employed, and defined 
more exactly by specifying the duration of the treatments thus referred to, the 
strength of the solutions used, and the temperature or pressure at which the 
reaction is carried out 

The seventy of the processes depends upon the “ degree of bleaching ” 
required. There are certain recognised standards which may be referred to. 
These are — 

1 The FvU Bleach — This term denotes the highest standard of quality. 
The cloth must be freed completely from its impurities and have a perfect and 
durable white colour It is required for high-class goods which are to be finished 
without the use of “ assistants ” or “ filling ” agents. 

2 The Half Bleach — For this a somewhat lower standard of freedom from 
impurities and a less pure white are necessary This type of bleach is employed 
for goods which are to be weighted or assist^ in finishing. 

3 Bleach for Dyetng and Pnni%ng — The nature of this depends ujion the 
dyestuffs to be us^ For heavy shades and dark colours, permeability and 
freedom from impunties which would affect the colour are of more importance 
than a perfect white Where, however, light shades or bright colours are to be 
used, the bleaching must he more thorough 

4. Bleach for Coloured Goods. — In bleaching coloured goods, the chief object 
is to bleach the undyed parts of the fabric without at the same time altering the 
colour. 

Both general and detailed examples of different methods are given below, and 
certain additional processes for goods other than cloth are dealt with subsequently. 
The methods adopted vary with the nature of the goods and the result required, 
and to a certain extent with the locality and idiosyncrasy of the bleacher. 
Hence those given in this chapter must be regarded as examples only, and not 
as standard methods incapable of variation. The good bleacher, in fart, should 
always be trying by judicious variation of his processes, thought out upon some 
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rational plan, to improve the quality or efficiency of his work The reactions in 
themselves are, as we have seen, simple in nature, consisting in the removal 
by saponification, and similar means, of the natural fats, pectins, proteins, and 
colouring matters of the cotton, together with dirt and other matter introduced 
during manufacture 

The difficulty arises in rendering these bodies completely soluble without at 
the same time damaging the goods themselves In practice it is found, in many 
cases, very difficult to complete each operation before proceeding to the next. 
Thus the senes is frequently repeated in part or altogether, with the idea of 
attacking and removing successive layers of impunties. The simple series of 
operations, viz steeping, lye boiling, bleaching, and souring, is in many cases 
sufficient, and when every process is thoroughly and scientifically earned out 
would still be sufficient in many others where a more complicatea procedure is 
adopted There is no doubt that a good deal of the repetition found to be 
necessary is not so much due to the obsthiacy with which the cotton retains its 
impurities as to the absence of the condtlions most favourable to the completeness of 
the Teactwns In the following methods, the necessity for washing is taken for 
granted There is nothing more important than thorough washing between the 
processes The reactions only render the impunties soluble in water, but much 
of this IS required to remove them, and incomplete washing at any point only 
causes the impurities, which should be absent, to be carried on to the next 
process, where they are, as a rule, again fixed on the goods, thus making the 
repetition of the former process necessary This is, in fact, not infrequently the 
cause of the repetition of processes The factors regulating the method which 
must be adopted include — 

1 The nature of the goods to be treated, the subsequent treatment for which 
they are designed, and the degree of bleaching required 

2 The character of the water used. 

3 The efficiency of washing and other appliances. 

4 The ty|)e of kier employed. 

5 The personal equation of the bleacher 

The character of the goods which have to be treated is very varied, ranging 
from heavy moleskin to butter-cloth and finest lace, and including (in order of 
difficulty with regard to bleaching), shirtings, piques, drills, sateens, sheetings, 
medium shirtings, jaconets, nainsooks, light shirtings, lace and curtains, muslin, 
lawns, net and mulls, etc Coloured goods are dealt with separately. Each 
of these classes of goods may be treated by different methods to produce the 
same result , those described must only be regarded as examples of those in actual 
use They arc all, of course, capable of improvement and shortening, depending 
upon the factors cited above 

The methods given are summarised in the tables on pp 531 and 534 

The first table refers to methods in which the lime boil is u.sed, and 
presents several arrangements which are tabulated in descending order of 
seventy of treatment They may be regarded as alternative schemes. The 
first four are methods employed in producing the “ madder bleach,” used in 
treating the heaviest goods, which are difficult to bottom 

The second table gives a similar set of illustrations of methods in which 
the hme boil is replaced by caustic soda In the subsequent examples the 
strength of the chemics are given in degrees of chlonne contents The relation 
between specific gravity (Twaddell) and chlorine content is shown in the table 
given on p. 459. 
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1 

HP Lime boil 

Lime sour 

Ist Bonk 
HP 

Ist Ch 
and Sr 

2nd Bowk 
HP 

2nd Ch. 
and Sr 



2 

LP Lime boil 

Lime sour 

let Bowk 
LP 

Ist Ch 
and Si 

2iid B lu k 
LP 

2iid Ch 
and Sr 

3rd Bowk 
LP 

3id ( h. 
and bi. 

3 

LP Lime boil 

Lime sour 

1st Bowk 
LP 

2nd Bowk 
LP 

1st Ch 
and Sr 

3rd Bowk 
LP 

2iid Ch 
and Si 


4 

LP Lime boil 

1st Bowk 
LP 

1st Ch 
and Sr 

2iid Bowk 
LP 

2nd Ch 
and Sr 

3id Bowk 
LP 

3id Ch 
and Sr 


6 

LP Lime boil 

Lime sour 

l<>t Bowk 
LP 

2nd How k 
LP 

3rd Bi wk 
LP 

Ch and 
Si 



6 

LP Lime boil 

I ime sour 

Ibt U wk 
IP 

1st Ch 
and ^ 

2nd Bowk 
LP 

2iid Ch 
and Si 



7 

LP Lime boil 

1st Bowk 
LP 

1st f ll 
iiid Si 

2ii<l Bowk 
LP 

2nd Ch. 
and Sr 




8 

LP Lime boil 

1st Ch 
and Si 

1st Bowk 
LP 

2iid Ch 
and Sr 





6 

LP Lime boil 

Lime sum 

1st Bowk 

1st Ch 
and Sr 






HP = High pressuie. 
LP=Low pieisuie. 
Oh=Chemie. 

Sr Soul 


Example Method 1 — 

“ Madder bleach ” for heavy shirtings, or for printers for white ground which 
require steaming Singe, steep and wash 

Then saturate with lime with machine, using to \\ ewt of lime per ton 
of cloth, and pass into tin hier 

Roil for eight hours at 20 lbs pressure, then wash off in the kier 
After thorough washing, sour with hydrochloric acid of 2° Tw , wash through 
two machines in tandem into a kier containing S'? to 40 lbs of soda ash and 
to 20 lbs of rosin per ton of cloth, and boil for eight hours at 10 to 15 lbs 
pressure Wash off in the kier and then again through the washing machine 
into the chemic tank Circulate the chemic * (1°) for two and a half hours 
Then driin and pass through washing machine into the souring tank Circulate 
in the sour (1° Tw HCl) for two and a half hours Then iiass again through the 
washing machine into the second lye boil of half the strength of the first and 
boil for eight hours at 5 lbs pressure Wash off in the kier and then pass through 
the washing machine into the chemic tank and circulate for two and a half hours 
at 2 5° Then wash again, and sour with sulphuric acid of 1° Tw for two and a 
half hours Then wash twice and squeere 

The difference between Methods 1 and 2 is in the employment of high- 
er low preissure kiers The effect of the high pressure is to shorten the boil and 
reduee the number of operations necessary 

In Method 2 the low-pressure boil must continue for ten hours, using the 
same quantities of chemicals 

' t e 1° signifies 1 gramme of available chlonne per litre This term should not be con 
founded with the “ohlorometno degree ” referred to on p 467 
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This foim of process is employed when the presence of headings in the cloth 
precludes the use of the closed kier. Method 1 is not extensively adopted, as 
closed kiers affording safe and efficient circulation are not yet in very general use. 

In Method -3 occurs the precautionary measure of postponing the first chemic 
to a late stage, while the reverse is the feature of Method 4. The main idea m 
this case is to utilise the uiicombined hme from the lime boil to enhance the 
causticity of the first bowk, while relying also on the presence of the lime to 
prevent niercensiition The saving of runnings and the avoidance of risk of 
excess of acid from the eliminated hme sour is also claimed as a benefit. But 
the jiroccss seems liable to produce lime stains, and this should outweigh any 
possible gain of whiteness by the early introduction of the first chemic. 

Method 7 is an abbreviation of the same method for lower goods. The 
characteristic feature of Method 3 is extended in Method 5 by the bleacher, who 
IS working for a good bottom and with minor regard for brilliance of white 

The following is an example of Method 6 It relates to a 50 cwt lot of 
nainsooks requiring a hard finish. 

1. Steep, wash, and impregnate with hme, and boil for ten hours in L P. kier ; 
wash out m the kior, and then 

2 Wash and sour, through machines, using hydrochloric acid of 2° Tw. 

3 Wash into first lyc boil, using 70 lbs socla ash, and boil six hours 

4 Wash into chemic (l-b”) and circulate for half an hour, and then into 
sour (vitriol at Tw ) 

f) Wash into second Ive boil, using 18 lbs soda ash, 30 lbs rosin ; boil three 
and a half hours. 

6 Wash into chemic (2°), circulate for half an hour, and then into sour 
(vitriol at 1 Tw ), circulate for half an hour and wash twice 

A point of interest in the above is the introduction of rosin in the second lye 
boil, the object m this case being to assist in the production of a harsh finish, 
so that it performs the function of a finishing agent as much as that of a 
detergent, the cloth having been well scoured before the rosin is applied If 
used m its more usual capacity and solely as a detergent, it would have been 
applied in the first lye boil and excluded from the second one, the object of 
which would then have been to remove traces of insoluble rosin soaps (rosin 
stains) 

Method 6 is frequently abbreviated to the form indicated in Method 8, in 
which case, if working for a hard finish, the first lye boil would require 90 lbs 
soda ash and 30 lbs rosin, and the boil would in any case be extended to seven 
hours’ duration and the final chemic increased to 3°. 

For a softer finish less rosin would be employed But the omission of a 
second lye or soaji boil increases the risk of rosin stains, and the use of the second 
boil in any sjiecial case is a matter of judgment as to the completeness of the first 
lye boil 

The first bowk in Method 6 is sometimes preceded by a short and weak bowk 
merely to neutralise any excess of acid brought over from the lime sour This 
is quite rational, but a double wash out of the sour is equally effective 

The following is an example of Method 6 as applied to wide sheetings — 

1 Pile in the kier, laying the pieces out separately and evenly 

2. Boil for fourteen hours m lime, and wash out the kier with water. 

3. Empty the kier and lift the pieces separately into wagons 

4. Wash in dash wheel. 
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5. Remove to cistern and sour with hydrochloric acid of 2° Tw., circulating 
for three hours. 

6. Wash in dash wheel. 

7. Boil for ten hours in soda ash 

8. Wash m dash wheel 

9. Remove to chemic tank and leave overnight with excess of cheniic at 2*75°. 

10 Wash in dash wheel. 

1 1 Sour with sulphuric acid at 1° Tw , as before 

12 Wash in dash wheel. 

13 Remove to kier and boil with soda ash fur six hours 

14 Wash and cheimc at 1'5°, as before 

15 Wash and sour, as before. 

16 Wash and dry 

The same treatment applies to towels and white quilts 
Method 8 may be ap])lied to the same goods as follows — 

1 Lime (medium strength) for ten hours, boiling and washing as above 

2 Wash into ohemic (6°) Circulate for half an hour 

3 Dram and wash 

4 Sour with sulphuric acid (2° Tw ) Circulate for half an hour, flood for 
ten minutes, and drain 

5 Wash and remove to kier 

6 Bod for nine hours with soda and rosin, as above. 

7 Wash 

8. Remove to chemic, 2'75° Tw Circulate for half an hour, and dram 
9 Wash twice 

This method is known as the stew-ohemic 

The following is an iiiterestuig methwl employed for medium shirtings, but 
may be advantageously replaced by Method 6 — 

1 Steep. 

2 Lime into kicr, adding milk of lime while plaiting 

3 Boil at low pressure for twelve hours, then drain off and fill up with warm 
water and continue boding for one hour 

4 Wash into chemic (2°) Circulate for half an hour, and dram 

5 Wash into hydrochlonc acid (2° Tw ) 

6. Wash and bod with soda ash (2 per cent of weight of cloth) and soap 
(0 25 per cent ). 

7. Wash into chemic (2-75°) Circulate for half an hour, and drain 

8 Wash into sulphunc acid (1° Tw ) Circulate for half an hour, dram, 
and wash twice 

An example m contrast with the earher methods is that apphed to butter- 
cloths — 

1. Steep overnight in hot water. 

2. Wash into chemic (3°). Circulate for half an hour, and dram 
3 Wash twice 

Method 9 is the shortest form of the normal type and is used for very light 
goods, such as mulls and tanjibs. The double bowk and chemic is always pre- 
ferred, since it removes any deposited rosm due to incomplete action of the first 
bowk, and generally “ tops ” the bleach. 
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In the abbreviated methods, in which the conditions as to over-bleaching are 
less regarded, the chemic is frequently used at a higher concentration 

It will be seen from the above examples that the abbreviations most 
commonly introduced in practice relate to the suppression of steeping and the 
sour after the lime boil The omission of the former is generally due to the 
slight inconvenience entailed and the extra space required, and to the view that 
the same effect is more simply obtained by an inconsiderable increase in the 
cost of boibiig The omission of lime sour, and especially its substitution by 
chemicking, is more irrational, and the resulting bleach or finish cannot be as 
satisfactory as if the normal methods be adopted The most economical and 
satisfactory working may be obtained by the adoption of a process based on one 
or other of the Methods 1, 6, or 0, according to the requirements of the case, and 
the latter tuo methods may also be rendered more economical and rapid by the 
employment of high-pressure kiers 

In the following table, methoils are indicated m which the lime boil is omitted, 
caustic soda being used in its plaie — - 



Ilut Sour 

11 1’ 1 anstic 
boil 

Ch and Si 




2 

11 1* ( auslic boil 

IIP Asb bull 

1 St Cl) ind 
St 

LP Ash boll 

ind Ch and 

8i 


8 

111’ Ciustic Ik)i1 

1st Ch and 
ill 

LP Abh lioil 

ind Cli. and 
Si 

Soa)> scald 

3id ( U and 
Si 

4 

III’ Onnstic boil 

(biiHs) Sr, 

Li Ash boil 

Ibt Lh. and 
Sr 

Soa]) scald 

2n<i Oil and 
Si. 

5 

111’ Caustic bull 

Ibt Ch and 

8i 

LP Abh boll 

ind Oh and 
Si 



5a 

IiF Ouustic boil 

Ut Cti and 
bi 

LP Ash lioil 

ind Ch and 
Si. 



5 

11 P Caustic boil 

HP CaustiL 
boil 

Sour 




7 

HP Caustic lioil 

LP Ash 

Cli and Sr 




S 

IIP Caustic boil 

Ch and Sr. 





8 

LP Impicgiiating 

Pile 

Ch ind Sr 





Methoil 1 applies to the Thies HeriSig system and has been already described 

Of the various gcou]iings given, Method 2 is (uobably the most eileitual tor 
obtaining a full bleat h with minimum risk of leaving fatt> and pectmous bodies 
on the one hand, and avoiding over-bleaclung on the other 

Method 3 is the one most usually adoptetl The last two treatments are only 
brief, as it is not .wlvisable to push the process beyond the second t hemic. 

Example of Method, 2 applied to heavy ihirtings — 

1 Steep, wash, and impregnate with lye 

2 Boil in high pressure kier for seven hours at 40 lbs pressure with 3 per 
cent NhjO on the weight of the goods 

3 Run oS liquor, and wash in the kier and then through machines 

4. Boil again for seven hours in soda lye (80 per cent NaOH and 20 per 
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cent carbonate), using per cent NagO on the weight of goods and | per cent, 
rosin 

5 Wash in kier and machine 

6 Chemic (2 5°) Circulate for two and a half hours, and drain 

7 Wash through machines into sulphunc acid (1° Tw ) 

8 Wash into lye boil, using per cent sodium carbonate (and 0 5 per cent 
robiu size, or soap, according to imish) Boil at low pressure for four hours 

9 Wash through machines 

10 Chemic (2°) Circulate for two hours, and dram 

11 Wash into sulphuric acid 1° Tw , as above 

12 Wash and squeeze 

Method 4 is designed to emphasise the preparatory scouring effect and to 
defer the fust t hemic to a later stage The sounng process between the boils 
must be followed by a very complete washing or it will do more harm than good, 
and render the soda ash boil under pressure dangerous, owing to the liberation 
of carbon dioxide 

Example of Method 'i for fua ton lot of heavy ',hiHing<t 

1 Steeji, .ind wash into kier 

2 Boil for eight hours at I*) to 20 lbs pressure with lye containing 20 lbs 
t iustic soda powder, 80 lbs losiu and 1 lb ciesol 

3 Wash into chemic (2 7'i ) tirculate for two hoiiis 

4 W ash into sour (2 Fw ) ( lit ulate for two hours 

5 Wash into kicr and boil for seven hours with 120 lbs soda ash 

6 Wash into oheiiiK (2 75 ) (. irculate for two hours 

7 M ash into acid as above 

8 Wash and sipieczc 

Method 5tt is cli uac tensed by the omission of pressure from the caustic boil 
This is sometimes done as a jirec autionary measure in dealing with delicate 
goods whic h must be kept under supervision, or to facilitate the early removal 
of special goods 

it IS, however, attended with considerable liability to tendering, owing to 
jircstnte of air iiid it is most important to keep the cloth well submerged 
beneath the liquor if this danger is to be averted Whenever possible, it is 
jirefcrable to effect the caustic boil with at least sufhcient pressure to exclude 
the air 

Example of Method 5 applied to a two ton lot of medium shirtings — 

1 Wash, impregnate and boil at 20 lbs pressure for eight hours with 70 lbs 
caustic soda, 30 lbs rosin, and 1 lb cresol 

2 Wash into chemic (2 75°) and circulate for two hours 

3 Drain and wash into sulphuric acid (1° Tw ) 

4 Wash into kier and boil with 120 lbs soda ash for seven hours 

5 Wash into chemic (2 75°) and circulate as above 

6 Dram and wash into sour, as before 

7 Wash and squeeze 

Example of Method ba applied to a two-ton lot of curtains and mmlins — 

1 Wash into kier and boil at low pressure for seven hours with 60 lbs caustic 
soda (and 30 lbs rosin size) 

2 Wash thoroughly into chemic (2°) and circulate for half an hour 
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3. Drain and wash into salphunc acid (1° Tw ). 

4. Wash into kier and boil for six hours at low pressure with 10 lbs. caustic 
soda, 60 lbs sodium carbonate, and 30 lbs soap. 

5 Wash out of kier into clieraic, and chemic and sour as before. 

Method 6 is used in the turkey-red bleach 

Example oj Method 7 applied to light printers — 

1 tltecp, and wa.‘<h into kier 

2. Boil for eight hours at 30 lbs pressure, using 40 lbs caustic soda 
per ton 

3 Wash olf m the kier for two and a half hours 

4 Fill u]) with soda-ash lye (20 lbs. per tun) and boil again 

f) Wash through No 1 machine and chemic through No 2 (with chemic of 6°) 
into chemic tank and circulate for two and a half hours 

6 Drain and wash into hydrochloric acid at 2^° Tw. 

7 Wash and squeeze. 

Method 7 IS a rajiid one, the* cloth not being removed between the boils, 
and cither this or Method 8 is ajiplicable to the open-bleach systems described, 
in which the mechanical arrangements are conducive to perfect circulation and 
consequent reduction of the subsequent operations Method 9 refers to the 
Edmeston-Bentz system previously described 

Example of Method 8 employed in bleaching low nettings — 

Wash into kier, and boil for eight hours with 2J per cent caustic soda, wa.sh 
through farst washing machine, chemic in second machine at 4°, and pile on 
to stillage Drain and wash in first machine, sour in third machine, and wash 
twice 

The bleaching of lace goods, or those which are too delicate to handle in the 
rope form, and which, on account of the graphite (used to lubricate the lace- 
machine bobbins during manufacture), are very dirty, demands special treat- 
ment. Also the reciuiremeiits of the trade are such that very rapid delivery is 
frequently demanded. 

All important feature of the process lies m the manipulation of the lace in 
the form of bundles, the lace being laid out and folded by hand to conveniently 
reduce the length of the bundles, which are then tied up by cords and dropped 
into the boiling kier The disposition of the bundles in the kier is somewhat 
loose, and is distinct from the method of plaiting previously desenbed. The 
light and sjiongy nature of the bundles, however, assists in the efiectual circu- 
lation of the lye, and the chief precaution is to keep the goods below the 
liquor. 

The boiling liquor containing 2^ to 3 per cent of caustic soda (as compared 
with the weight of the cloth) must be brought to the boil quickly, and a supply 
of hot water be kept ready to expedite the making of the lye and the immersion 
of the fabric m the kier 

The boil IS in special cases limited to two hours, but a three-hours’ boil is more 
usual. 

It IS customary to have special smaller kiers to deal with urgent orders 
and to load these first The subsequent processes are mainly effected in the 
dollying machine, chemickiiig and souring tanks, and the hydro-extractor (or 
“ centrifugal ”) 

Following the boil, the bundles are removed from the kier, “ specials ” being 
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sometimes extracted while the rest remain, and taken in hand wagons to the 
doUies They are tihere treated with a spray of hot water to rinse out the lye. 
This IB repeated three times during five minutes with half the beaters in action, 
the second and third application of water being cold. The bundles are then 
removed to the centnfugal for the extraction of the washing water in preparation 
for the “ grey ” bleach. This is effected either by steeping in a cistern or by the 
cage method already described 

The strength of the bleach employed de^iends entirely upon the time allowed, 
and 18 even used at a temperature of 80° to 90° F. to expeihte its action. Some 
bleachers employ a strength of 14 5° for a short time, but any strength above 
5-5° IS attended with some nsk This first cbemic occupies one hour, but if 
warmed at 3°, twenty to thirty minutes is sufficient 

The hquor is then allowed to drain away, and the lace removed for cleaning 
with SIX “ rounds ” in cold water in the dollies Then hot water is turned on 
to cover the goods, and dilute sours added gradually to bring the whole to 
about 1° Tw 

The goods are treated m the dolly with this solution for about one minute, 
and the sours run off Cold water is now sprayed on to wash out the sours, and 
then hot water applied and a charge of soap-suds added to make a good lather, 
and this is worked into the goods for ten minutes 

Then the suds are washed out with cold water After expressing the water 
by running the dolly for several rounds while the cloth is draimng, the contents 
are removed to the white bleach, where they remain for half an hour, or according 
to colour, and bleached with chenuo of 2'75° strength. After draining they are 
again returned to the dolly to clean with six rounds in cold water The valves 
are then dropped and the tub flooded for souring, as before, sulphuric acid being 
added to bring the strength of the hquor to about |° Tw After six rounds in 
the sour the valves are raised, and after draining, the goods are well rinsed. 

If the lace contains draw threads for subsequent separation of the patterns, 
the last wash is succeeded by the addition of a solution containing a little white 
soap, otherwi.se the goods are scoured off sour, taken to the hydro-extractor 
and dried sufficiently for handling by the finisher 

The above processes appear at first sight to be extremely complicated, but 
many of the details merely refer to manipulation of the valves which supply the 
dolly machines with the various detergents, etc 

The above method is taken from practice, but the routine is capable of 
extensive modifications to suit thq degree of dirtiness of the fabric Thus, 
instead of effecting the second scour in the dolly, it may be carried out by way 
of a soap scald in an open boiling kier On the other hand, the treatment in 
the dolly may be extended to compnse a grey scour in addition to the initial 
boil in the kier. 

When time is a matter of secondary importance, the first boil is preferably 
extended, and the chemics reduced in strength, but the most pressing require- 
ment in the treatment of lace goods is undoubtedly the removal of the dirt 
Nothing but milling and as many and vaned processes as possible will effect this 
end, and the action of the dolly machine is the best known for this purpose. 

Instead of the hydro-extractor, it is more convenient and rapid to use a pair 
of squeeze rollers (fig 178) to wring out the moisture, but the strain on the 
delicate fabrics is more severe. 

Knitted Cotton Fabric. — These goods, being composed o^ comparatively 
clean and soft-twisted yarn of a porous and spongy nature, are readily permeated 
by lyes and chemics, and their bleaching therefore presents little difficulty. In 
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geneia], two forms are met with, viz long pieces of tubular fabnc or manufactured 
hosiery and garments 

The former can be treated m the rope form and plaited in the kiers, etc ; 
but, owing to the space they occupy on account of their light spongy and elastic 
nature, it is preferable to treat them in the roll or in bundles The separate 
manufactured articles are also treated in bundles, or better still, in bags of 
knitted webbing, to avoid the uneven efiects produced at the places protected 
from the reagents by the tying bands 



Fill. 178 — Niueczuig mauJuoc. 


The facility with which the liquor may be made to penetrate the goods is' 
illustrated by the fact that it is possible, by careful and even packing, to effect 
the whole processes of boiling, bleaching, and souring with the intermediate 
washings, without removing the goods from the kier In this case the kicr must 
be made of wood, and be provided with efficient means of boiling and circulating ; 
the goods must be tightly and evenly packed so that every part presents a uniform 
resistance to the flow of liquor, sjiecial care being taken to avoid channels. The 
authors have successfully treated in this way batches of upwards of 50 cwt., 
consisting of rolls of webbing, placed with their axes vertical, and the interspaces 
well packed with smaller rolls or loose pieces of similar fabric, the bulk being 
held down with a framework weighted with stones. 
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The l^e of caustic soda is prepared in a separate tank, which incidentally 
serves as a water-softening apparatus, and the clear hquor run into the kier till 
the fabric is immersed and the whole left to steep overnight The necessary 
quantity of caustic soda is 1| to 2^ per cent (NajO) on the weight of the goods 
treated, to 560 gallons of water per ton A boil of seven hours duration at low 
pressure follows the steep , the liquor is then run off and a constant flow of 
water through the kier is maintained until the effluent is perfectly clear The 
goods are then left to dram The chemicking process, which follows, is effected 
by the circulation of electrolytic sodium hypochlorite at 4° for four and a half 
hours , the liquor is then drained off and the fabric washed as before A sounng 
solution of vitriol at Tw is then circulated for two and a half hours, and 
a final wash and dram completes the process The goods are then ready for 
squeezing and drying over drying cyhnders or in the stove 

It IS, however, usually necessary to treat the goods in the dolly or its eqmvalent 
with soap suds to remove adventitious dirt 

The stationary process above mentioned is a slow one, and dependent on 
careful packing, any irregularity in this matter inducing liability to grey 
patches 

The commoner and more rapid process consists in treating the goods m 
bundles or enclosing small articles in porous b.igs and boiling them in a more 
open disposition Tliev may be dropjied into the kier while the liquor is being 
added, thus bei oming well saturated and settling down into a homogeneous mass 
through which the lye can be conveniently circulated 

After boiling from four to six hours, the goods are rinsed and allowed to 
dram in the kier, or may be immediately scoured m the dolly with hot water, 
and then treated, first, with soap-suds and iifterwards with water Ihey are 
then partially dried by passing them through the squeezers (fig 178) or hydro 
extractor They next proceed to the bleaching tank or cage, as described for 
lace goods They are afterwards washed and soured, and again washed in the 
dolly They are treated in the same or a similar machine with a final scour m 
white curd soi]) to leniove all traies of dirt, and, if necessary, are blued to the 
desired shade by the addition to the soap of a measured quantity of indigo, 
smalt, or methyl blue 

After a final wash they are dried m the hydro extractor and stoved or boarded 
and pressed according to the finish required The final treatment with so.ip m 
the dolly may be modified to smt the feel demanded The quality of the soap 
used must be carefull> attended to, since it affects the final colour considerably 
The dollying machines used for lace are applicable to hosiery, but it is con- 
venient to have a machine with a smaller tub when dealing with very small 
articles of hosiery 

The Hydro-extractor. — A very coiivement form of centrifuge or hydro- 
extractor IS Manlove aud Alliott’s, shown m fig 179 It is built with a self- 
contained steam engine, and may be set down in any position without regard to 
Ime-shaftmg, etc , and requires only a small steam pipe connection to make it 
ready for work The whole machine swings on rods, and consequently requires 
no heavy foundations 

Fig 180 represents an under-dnven centrifuge of the peg top type The top 
of the pan has a balanced cover which keeps dirt out of the revolving basket, 
and also prevents accident while the machine is running The essentials of a 
hydro-extractor are a cage or basket made of a perforated material connected 
to a vertical shaft, which gives it a rapid spuming motion in a vertical plane 
The fabrics are thrown against the side, and the water passes through, and is 
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collected in the outer cage, and leaves by the outlet pipe. They are extremely 
useful for small lots of goods which will not stand wringing. 

Yarn. — The methods of treating yarn vary in seventy, according as they 
are hard- or soft-twisted, low or high count, Egyptian, Sea Island, or Amencan 



Fia. 179 — Steam-dnven centrifugal hydro-extractor 


cotton The amount of cleansing necessary, and the degree of whiteness 
required (whether half, three-quarters, or full bleach), and whether for dyeing 
or white shades, also affect the treatment Fine counts, being necessarily s])un 
from superior qualities of cotton, are the easiest to bleach, but require most 



Fid 181) — Belt-dnvcii centrifugal hydro-extractor 


care in handling The process must also be arranged with due regard to the 
conditions of strength and weight of the finished product The lye boil is, as 
we have'<seen, the chief factor affecting weight, while the strength is dependent 
upon the^each It is very difficult to get the best whites if a minimum loss of 
weight is Insisted on In these cases recourse is generally had to blueing, or 
scounug wi^ soap, to which the tinting material is added 
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The sim;^est proceRs for yarn, and applicable to almost any quality and 
count of Ametican yarn, is that indicated for the stationary treatment of hosiery, 
and this, followed by scouring, as above mentioned, is capable of producing the 
most beautiful whites 

In its most rational form the yarn is packed in the kier by hand, so that the 
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Fia 181 — Yarn an loose bundle 

hanks stand endwise It is, in fact, unnecessarv to disturb the bundles other- 
wise than by untying the binding cords, but this assumes very careful packing 
to ])rcvent channels The usual practice is to untie the bundles in the grey 
room, and reassemble them in a more ojien form, utilising one of the hanks 
as a binder This is done by wrap])ing the binding hank round the bundle at 



Fig 182 — A chain of hank yam. 


right angles to the he of the hanks, and slipping one end of the hank inside 
the loo]) formed by the other, and securing the inner loop by threading it over 
the end of the bundle, as shown in fig 181. 

An .alternative method of handling the yarn is to thread the hanks into a 
chain (fag 182), which can then be conveniently passed about the croft from 
the boiling to the souring tanks by means of winces in a similar 
manner to the treatment of cloth in the rope form 

The defective feature in both of the above forms is the 
liability of the knotted portions to become tightened as the 
yarn swells after damping and during boiling, hence, such 
portions naturally offer increased resistance to the circulation 
of the liquor To remedy this the knots are kept as loose as 
possible, and the bundles rearranged or the chain re-formed, 
say between the two boils or succeeding processes. 

These methods of tying are only iiermissible if the length 
of the hank is sufficiently great, which is not always the case. 

It then becomes necessary, to prevent entanglement, to twist 
each hank up into a compact form, in which no separate 
threads are capable of engaging with those of other hanks 
(fig 183). 

A further device employed when yarn occurs temporarily in a loose state 
and has to be so handled, consists in giving the threads in a short portion of the 
hank a spiral twist, and then crossing tins twisted portion over itself to form 
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a “ noddle,” as shown m fig 184 The hank can then be handled without 
fear of entanglement of the threads, and be readily opened out again when 
required 

Taking the case of yarn which is formed m the grey room into loose bundles 
These are wheeled in trucks to the kier and packed, as evenly as possible, either 
by hand or by dropping them into the liquor, which is enter^ at the same time 
as the yarn, thus ensuring its thorough impregnation 

When the kier is packed, the (ontents are loaded at the top to prevent 
excessive motion during boihng, whiih would be accompanied by cottenng or 
entanglement of the threads, and mechanical strains and damage 

Hard twisted and Egyptian yams should be first boiled under pressure for 
seven hours (using to per cent of caustic soda on the weight of yam), 
rinsed, and removed for a low pressure boil The removal or “ turning over ” 
renders the treatment more uniform, and gives an opportunity 
for slackening or rearranging the binding hanks, as also those 
parts of the bundle m which these hanks may have restricted 
the flow of liquor 

In the case of extremelv dirty yarn it is necessary to wash it 
mechanically between the two boils 

After the >arn has been packed in the low pressure kier (as 
already described), the second boil is earned out at half the 
strength of 1) e used in the first, and for four to six hours 

The liquor is then run oft, the contents arc well nnsed and 
c hemicked, rinsed, soured, and again nnsed without romo\ al from 
the kier 

The subsequent treatment is that of soaping in the stocks 
first to remove the dirt, and then, having rmscid out the soap, 
to give a finishing scour with white soap, to which is added a 
measure of tinting blue 

The yarn is then removed from the stoc ks and nnsed in water 
by hand or by means of the reeling machine (fig 144), and piled 
to dram or taken direc t to the hydro extractor, in whii h the bulk 
of the water is removed from the yarn 

The nc \t process consists of straightening out the threads 
jirejiaratory to drying, as the fibres tend to retain the form in 
which they are driecl, and to cling together by reason of the 
stiffness of the hairs or projecting fibres which nse from the thread when 
the water is dried out 
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One end of the hank is threaded over a horizontal post, and through the other 
IS threaded i short st.itl, which is drawn with a jerk so as to stretch the hank out 
to its full length Between successive jerks the hank is rotated and opened out 
and crossed threads rectified, so that it can be finally transferred to the drying 
pole with the skeins arranged in proper order and the threads well separated, 
lying even and p.vrallel It is dried in a stove by natural draught, the air rising 
upwards past steam radiator pipes, and through the hanks, whic h are threaded , 
\over majile wood poles supported at their ends and arranged in tiers 

^ It IS important to commence drying without leaving the yarn about in the 
datam state, and it is equally important not J;o over-dry the yarn, as not only is 
the c^ur thereby impaired, but its physical strength is also affect^ in a manner 
that IS yjot entirely remedied by conditioning Moreover, excessive drying in- 
troduces an unnecessary risk m respect of the concentration of any residual 
traces of chemicals from the preceding operations 
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The methods of boiling and bleaching above indicated are capable of consider- 
able vanation in practice, and the sconnng m the stocks is frequently omitted. 
The same treatment may be effected equally well in the dolly machine, but 
where soaping is omitted the recourse is usually to rinsing either in the reeling 
machine or in one or other of the special niising and blueing machines referred 
to in the chapter on washing machines 

Another method of procedure consists in boiling the yarn in loose bundles in 
a high-pressure kier and rinsing it in the same These bundles are removed to 
stone chemic and souring tanks, where these liquors are circulated through the 
goods, without removal for the intervening wash. The yarn is then washed and 
blued in a circular reeling machine, the excess of moisture removed by squeezing 
in a hydraulic press, and the yam then shaken on the posts co straighten the 
threads, and stove-dncd 

A verv effective method of inducing perfect circulation of the chemic and 
sours through the yarn is by means of the vacuum kier already described (see 
chapters on Bleaching) 

Kuehn has introduced a system of bleaching yarn cither in the hank, cop. 



Fio 185. — Kuehn’s ajiparatus fot bleaching warps, cops, etc 


pirn, or warp, in which it is claimed that the impurities can be discoloured and a 
full white obtained without recourse to dissolving out the impurities with alkaline 
lyes His method is to eireulate through the cotton a compound bleaching 
lupior consLsting of an alkaline hyfmchlorite and turkey-red oil The object of 
the latter is to act as a vehicle for the oxidising agent, assisting it by emulsifica- 
tion to more re.idily penetrate the pores of the fibre and attack the colouring 
matter without attemjiting the removal of the resinous matters It is further 
claimed that the oil used has a distinct protecting eficct on the cellulose, though 
why this should be is not obvious 

The main object of the process is to effect the oxidation of colounng impurities 
without appreciable loss of weight, strength, and substance of the yarn 

The circulating arrangement, as applied to cojis, pirns, and warp on the beam, 
is illustrated in fig 185. 

In the ordinary bleaching of warps and chains, the scouring may be effected 
by either (1) boiling the waqi in the kier m the ball form as delivered to the 
bleacher, a method which is liable to uneven circulation , or (2) plaiting in the 
kier , or (3) drawing the warp slowly through a machine containing a senes 
of rollers to extend the passage of the warp through the boiling alkaline lye 
contained in the machine 

Two or more warps pass simultaneously through the apparatus, by means of 
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draw rollers at the delivery end, and thence over a grooved wince into a wagon 
Thence thej are washed through warm water in a similar machine, and enter 
a pair of squeeze rollers to extract the water They are then plaited into a 
chcmic tank and subjected to circulation of chemit at 5 - 5 ° for one hour and 
allowed to drain 

After washing souring, and ilraining in the same tank they arc winced out, 
washed through warm water in the washing machine, as above, squeezed, delivered 
to the drying tins, sized, tinted, and made up into the ball as received 



Flo 1 86 — Apparatus f t)r bk at lung coj« 


The scouring and bleaching of cops, sliver, raw lotton, etc , are effected in the 
apparatus of L HuiUicr, Pans, illustrated in figs 186, 187, and 188, the distinction 
between the treatment of the first named and the latter two being in the sub- 
stitution for the frame supporting the perforated spindles, of two perforated 
plates containing between them the charge of matenal to be treated 

The closed vessel is exhausted of air by vacuum and the scounng agent 
entered and circulated by means of the pump The same method is applicable 
to washing, while for drying, the vessel is charged with compressed air, so that 
the wet bobbins become thoroughly impregnated with it The air, impregnated 
with moisture, is then withdrawn by an aspirating device or vacuum pump , 
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warm air is next pumped into the chamber, penetrates into the interior of the 
wet material, and takes up the residual moisture, so that on pumping out the 
hot air the bobbins are left quite dry. 

The bleaching of cotton for surgical purposes and the manufacture of gun 
cotton is carried out on a large scale both from raw cotton and the higher grades 
of cotton-waste. The requirements are extreme punty of the cellulose. 

According to Kuehn, the preparation of the cotton with an agent, such as 
castor oil, is necessary to assist m the removal of the natural impurities in the 
cotton by emulsification, and to assist the alkalme solvent in penetrating the 



Fig 187 — Apparatus for bloarhing pops 


cotton fibre The operations mainly adopted in England for treating cotton- 
waste consist of a preparatory mechanical cleansing of the waste in a willeying 
machine and passing it pneumatically into revolving kiers or digesters, such as 
those used in paper mills. Stationary or tipping Iriers are also used, and the 
circulation eSected by pump or injector ; but this is liable to interruption through 
the accumulation of loose material in the working parts 

The alkaline solvents used are mainly caustic soda and silicate of soda, the 
latter on account of its special detergent qualities. 

Washing is efiected in the beating engine or waste washer mentioned in the 
chapter on washing-machines ; the wet, loose material is conveyed by brattices 
or endless belts into and out of the machines. 

The chemicldng and souring operations are frequently effected without an 
intermediate wash and with lees regard to the non-tendering of the fibre than 
to the bleaching of the impurities and stains present in the material. 

A final wash in the beating engine is followed by drying in the hydro-extractor, 

35 
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and the matenal is then fed into the brattice of a hot air drying-machine, through 
which it lb fed from chamber to chamber by a mechanical stoking motion in the 
opposite direction to the inflow of hot air from a fan and heater 

The above is a rough outline of the ordinary process, but it is usually necessary 
to repeat the boil (which is always conducted at high jiressure) and the bleaching 



Fig 188 — Aijjiaratus for blpacliing shyer 

operation Boiling is sometimes preceded by steeping in caustic soda or acid, 
and if there be much mineral oil to remove, a process of oil separation by benzine 
or other organic solvent is resorted to 

Coloured Goods.— The bleaching of piece goods having coloured headings, 
stripes, borders, or interwoven colourcni patterns requires special precautionfl 
to prevent the colour bleeding into the white portions or from being attacked 
by the various chemicals used Those precautions depend upon the degree 
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of fastness of the dyestuff used or the readiness with which it may be 
stripped. 

Very few dyestuffs which are used for cotton goods are sufficiently fast to 
allow of the normal bleaching process being used, although certain colours, such 
as two-bath aniline black, indigo, turkey-red, catechu brown, and buff, allow 
the cloth to be treated m the normal way. Many of the colours used are so 
fugitive, or bleed so readily, that a compromise must be effected between the 
thorough bleaching of the cloth and the retention of the colour. This is recog- 
nised by dyers, and the most fugitive colours are apjilied only to goods requiring 
the minimum amount of bleaching. 

The most scientific way of ascertaining which of the chemical processes are 
mimical to the retention of the colour is, obviously, to identify the dyeing elass 
to which the colour belongs, and then refer to their known properties and re- 
actions with the chemicals to be used Particulars of the necessary tests may 
be found in Trotman’s Technology and Bleaching and Dyeing of Textile Fibres, 
or A G, Green’s Analysis of Dyestuffs But this is a long process, and, moreover, 
the members of the same class of dyestuff differ in their degree of fastness For 
these reasons the more usual practice is to perform tests directly upon samples 
of the dyed goods by treating them with the various processes to be used It 
IS thus possible, without recourse to ex,ict chemistry, to determine, by observa- 
tion of the effects produced on the samples, which processes must be used with 
caution, and then, confining attention to these, to find out how much treatment, 
if anv, they will stand in modified forms of these particular jirocesses 

The following tests for fastness are also useful and are taken from the Colour 
Index of the Society of Dyers and Colourists Five degrees of fastness are 
recognised, reiiresented by the numerals 1 to 5. The fastest shade is rejiresented 
by 1 and the least fast by b 

1 Fastness to Allahs The dyed material is steeped for two minutes 
in concentrated ammonia and also in 10 jier cent soda and dried without 
rinsing 

(1) I’naltcnsl by biith aminoiua and wsia 

(2) A little eolciur is Femoved by Ixith ammonia and soda, or there is a slight alteiatiun 

in shade 

(3) A little eoloiir is distinetly removed or the shade is altered more plainly 

(1) Considerable alteration 

(.'5) Complete destruction of the colour or complete change of colour 


2 Fastness to Soda Bod — The dyed sample and some white cotton are 
boiled for half an hour in a soda solution containing 2 grammes of soda ash 
per litre 


Alteration in Shade 

(1) llnaltend 

(2) Slight loss m depth 

(3) Diatinct loss in depth 

(4) Considerable losa in depth or 

change of shade 

( 5 ) Colour destroyed 


Bleeding into the M'hite 

(1) JloeH not bleed 

(2) Bleeds faintly 

(3) Bleeds distinetly 

(4) Bleeds eonsiderably 

{ 5 ) Bleeds eonsiderably with a 
change in shade. 


3. Fastness to Washing — This test is concerned with the loss m depth, or 
alteration in shade of the dyed matenal, and the colour of the soap-bath, or the 
fact of the colour bleeding into the white, is not taken into consicleration The 
dyed material is treated with a solution containing 2 grammes of Marseilles soap 
per litre for half an hour at 60° C , and also at 100° C. in soft or distilled 
water 
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(1) Unaltered at lOO" C. 

(2) Unaltered at 00° C , Rlight loss in the depth nf the shade at 100° C. 

(3) Slif;ht loss of eulonr at 00° C , eonsiderable loss of colour at 100° C. 

(4) Distinrt loss of eoloiir at 60° C. 

(fi) Considerable loss of enlonr at 00° C , and the colour is stripped completely at 100“ C 

4 Fastness to Chlorine — The alteration of shade produced by steeping the 
dyed material for one hour in calcium hypochlorite, sp gr. 1 0U7, and also in 
calcium hypochlorite of one-tenth this strength, is estimated — 

(1) Unaltered by the stronger solution 

(2) Unaltered by the weaker solution, slightly altered by the stronger solution 

(3) Slightly altered by the weaker solution, considerably altered by the stronger solution 

(4) Considerably altered by the weaker solution, completely destroyed by the stronger 

solution 

(6) Completely destroyed by thj weaker solution 

No general classification of processes is possible The standard processes 
must be modified to suit the particular fabric, the modifications required having 
been ascertained previously by experiment. 

The general principles are — 

1 Sodium hydroxide is not used except in special cases, but is replaced by 
the milder sodium carbonate. 

2. If colours will not stand the action of sodium carbonate, a light treatment 
with soap and water may be all the preliminary purification that is possible 

The time of treatment and the temperature of the scouring liquor are kept 
as low as possible 

4 Preliminary treatment with diastase is often useful, making less scouring 
necessary 

5 The chemiCH are used more dilute than usual, and are kept on the alkaline 
side in order to render them less active. 

Other modifications or precautions are— 

(1) Iti'duchiin of the quantity of goods undergoing simultaneous treatment in bulk, and 

heiiec im leasing corresjiondingly the rapidity of treatment 

(2) Avoidance of meehanieal pressure orfnetion Ix-tween coloured and uneolourcd jiortions 

(3) Suitoble diHjKisition of thcfs- poitions lelatively to each other 

(4) Increased rare in effeeting uniformity of action thioughout the piece, so as to avoid 

unneeessaiy duration of treatment in an undeveloped portion of it at the expense 

of exeehsive treatment of jiarts already Baffidently acted upon 

As regards temperature, there are a few colours that will withstand the 
effect of the temperature incidental to boiling m lime or soda above atmospheric 
pressure, and none that will stand more than a moderate elevation 

Another range will stand normal temperature and concentration of boiling 
liquors for a short penod, and these conditions may be met by the subsequently 
described process of “ hanging out ” and separating from the rest of the cloth, 
either at the commencement or termination of the boil In this respect it may 
be noted that in the latter case the liquor has, by exhaustion and dilution, 
arrived at a stage of reduced activity in its power of attacking the colounng 
matter. 

As regards weaker colounng matters, we have, first, the case in which boiling 
temperature is inadmissible, and a “ scald ” only is permissible. In the worst 
cases, the chemical activity of the lye must be reduced until its solvent properties 
are replaced by merely detergent action, and a soap lye or merely warm water 
steep remain available , the task of whitemng the goods is then largely relegated 
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to the chetnioking and eouring proceea, and even one or other of these may require 
suppression 

Where lime has a prejudicial action, the alternative is a soda or potash boil, 
the activity of which may be reduced by largely replacing caustic alkali by 
carbonate or bicarbonate of soda. 

It naturally follows that the greater the hmitations imposed, the more senous 
becomes the difficulty in softemng and reducing the motes in the cloth, and 
occasions anse in which this duty devolves on the chemic with the assistance 
of nothing but a short scald in warm water or a soap solution. The applica- 
tion of a preparatory scald in a weak solution of common salt shows axiparently 
satisfactory results as regards retention of colour, reduction of motes, and 
whiteness of groundwork The state of the chemic bath is always a matter 
of great importance when dealing with colours. A disturbing factor, qmte 
irrespective of the adjustment of the concentration of the liquor, anses out 
of a decomposition of the chemic, which is accompanied by the liberation 
of hypochlorous acid and chlorine. Its production is apparently connected with 
the presence in the cloth of impurities which have not been sufficiently removed 
in the jireceding scour. Thus, for example, the presence of sodium chloride, 
which IS sometimes used in dyeing, would, as has already been indicated, cause 
the reversion of the equation 

2Ca(0H)a+2Clii;?-i:Ca(0Cl)4fCaClj-l-2H*0 

Again, many organic colouring matters when oxidised yield acid jiroducts, which 
fix the free lime present in the chemic, and thus assists hydrolysis In some 
cases the amount of acid which is formed is even sufficient to neutralise the 
whole of the Line in solution, and then free hypochlorous acid is produced. The 
effect IS more apparent (1) m the first than in the second chemic, (2) in cloth 
that has been indifferently washed, (3) in a chemicking process in which the 
volume of liquor employed is small, and (4) when the well has not been recently 
cleaned out It is also found to increase (5) after the circulation of the liquor 
has been mterrujited and is restarted. The facts mentioned m (1), (2), and (4) 
show that the occurrences are due to other influences than the mere accidental 
mixture of chemic and sour, with their usual concomitant, the “ buck sour ” 

This effect is very seldom met with when sodium hypochlorite is employed 
The safeguard in connection with the use of chloride of lime is the addition of 
lime water, thus inhibiting the decomposition, whether due to acid products or 
neutral salts. 

Temperature. — The regulation of the temperature of the lyes is best con- 
trolled by effecting their circulation and heating separately, instead of using a 
pufier-pipe or injector in the kier Regular circulation is desirable, because the 
alternative, or vomiting, action induces movement and contact between the 
coloured and plain portions of the fabric, which tends to cause transference of 
colouring matter from one to the other, while undue agitation loosens the colour 
and produces the effect of “ bleeding.” 

Duration of Treatment. — The headings and adjacent portions of the cloth 
may be subject to reduced duration of treatment, while giving the full time to 
the rest of the piece, by the system of “ banging out.” This consists in a method 
adopted by the plaiter of deflecting to the side of the kier and hanging over the 
edge all loops which contain a heading. He is advised by a signal from the 
machine-minder of the approach of a heading, and he then throws these loops so 
that they overlap the edge of the kier sufficiently to avoid being drawn in again 
by the weight of the cloth that is subsequently plaited above their extensions 
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which remain m the kier. He ranges them into assortments of difierent qualities, 
which may demand different degrees of modified treatment. Some of these 
headings may be saved by merely disposing of them in layers towards the top 
of the kier, whereby they escape the pressure of superincumbent cloth that would 
otherwise impress their colouring matter into the plain fabric Others demand 
reduced period of treatment, and are placed on the top of the kier, bundled up, 
and covered with a cloth and withdrawn after, say, two hours. They are then 
hung over the edge of the kier, and the headings dijiped in water, or the lime 
otherwise washed out The defect of this method is, that the adjacent cloth in 
the lap containing the heading gets less treatment than the rest of the cloth, and 
this IS the very part which is most exjiosed in the made-uj) goods The hangiiig- 
out system is also productive of lime stains at the ends, which are very trouble- 
some and sometimes acconqianied by tendenng The system of hanging out is 
continued in the bowking, cheniicking, or souring processes, according to which of 
them have the more detrimental effect on the colour. The inconvenient method 
of hanging out may often be avoided by merely deflecting the loops containing 
headings towards the side of the kier, but not throwing them over the edge 

It is obvious that the separate treatment that is applicable to headings is 
out of the question for cloth containing more generally disposed jiatterns, and 
the above precautions are more ajiplicable to those goods which must be almost 
necessarily treated in bulk In view of the jirecaution necessary against 
mechanical pressure existing between the folds of the cloth, it is desirable to 
ajiply the liquors in such a manner that the cloth is comjiaratively free to float 
therein, the weight that would have the uiidcsired effect being relieved by the 
buoyancy of the cloth 

When all the above methods of treatment in bulk for even a reduced jicriod 
and with small lots are unavailing to preserve the colour, one has recourse to 
scouring in a machine with a weak lye The machine m.iv, for cxanijile, be an 
ordinary roller sijueozing macliine, the box being fed with hot lye of alkaline 
carbonate or bicarbonate For greater convenience in the inanipulation of the 
liquor and steam, a long covered trough may be substituted containing a series 
of winces over winch the cloth is pas-sed, either in the ojicn or rope form, through 
the lye with which the box is filled, and which is heated with a steam roil The 
cloth IS drawn by draw rollers which also squeeze out excess of liquor, and the 
imjiregnutcd cloth is left to soak and dram for a short period A similar machine 
may be used for washing, clicmie, and sours 

Having discussed the general pniiciples involved, some sjiecial recommenda- 
tions may he noted. 

Wahsh (J. Soc Dyers and Col , 1919, p 35) makes the following suggestions 
for bleaching strijied cotton jiiece goods Firstly, only low-pressure kiers should 
be used and sodium hydroxide replaced by 1 jier cent of sodium carbonate, 
calculated on the weight of the goods But the jiiec-es may be run through 
boiling solutions of the alkali at 2° to 3“ Tw., giving them five or six dips and 
then squeezing and washing. They are then packed in a kier provided with an 
external heated and circulating pump and treated with sodium-carbonate solution 
{containing 1 jier cent, of the weight of goods) at 70° C After washing out of 
the kier, the goods are chemicked, using a weak liquor (say 1° Tw.), avoiding 
acidification by carbon dioxide by using covered cisterns and adding a little lime 
water if necessary. After washing, souring may be carried out in the same 
cisterns The intermediate washing must be very thorough. Washing-machines 
with deep boxes and at least six mps should be used. 

Matthews ( J Soc. Dyers and Col , 1921, p 236) recommends treatment with 
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diastase, followed by bleaching with sodium hypoohlonte where boihng is 
inapplicable. 

If the colours will stand a fair amount of boihng, it is useful to add a pro- 
tective agent to the kier Among these are ludigol (sodium-meta-nitro-benzene- 
sulphonate), anthraqmnone sulphonate, sodium bromate, salts of manganese, and 
sodium bichromate Soap and sodium perborate may sometimes be employed 
Weiss (J Soc Dyers and Col , 1921, p 122) suggests replacing the ordinary 
bleaching liquors by potassium permanganate, followed by a bath of sodium 
bisulphite 

The bleeding of indigo dyed threads during bleaching is attribute by Aue 
(J Soc Difers and Col , 1920, p 150) to the reducing action of dressings in the 
material during the alkali boil The addition of an oxidising agent such as 
sodium peroxide to the liquor is suggested Thus a kier liquor of 1-25 kg of 
sodium peroxide per 2(KK) litres of water at a pressure of 0 3 atmosphere may 
be employed without further addition of cau^Xic alkali 

The addition of oxidising agents to the scouring bath is protected by many 
patents Thus the Badische Amlin und Soda Fabrik (Fr Pat 392858, 1908) 
claim the use of some easily reducible organic compound such as the salts of 
mono- or di sulphonic a( ids of anthraqmnone or nitrobenzene Meister, Lucius 
und Brumiig {(ler Pat 218254, 1908) add an alkali bromate to the bowking 
liquor This may consist of a solution of 1 2 per cent (on the weight of the 
goods) of solid caustu soda, with the addition of from 0 2 to 0 5 per cent of 
potassium bromate (also on the weight of the goods) The use of a perborate 
IS claimed by (ler Pat 250397, 1910, while chlorates, bromates, manganates, or 
similar compounds which generate oxygen in presence of oxidisable substances 
are mentioned by Freibergei in (ler Pat 250303, 1911 

The Farbwerke Hochst vanes the process as follows The goods are farst 
impregnated with sulphuric acid of 1° Tw and allowed to lie for twelve hours 
Thev are then washed and boiled in an open kier with 15 parts of soda ash and 
5 jiarts of sodium bromate to 1000 parts of water for six hours After this they 
are washed, souied with sulphuric acid (2° Tw ) for three hours, again washed, 
and boiled For the second boil a liquor consisting of 10 parts of soda ash and 
3 parts of sodium bromate to 10(X) jiarts of water is used After boihng for hve 
hours, wash, sour again for three hours with sulphunc acid of 1° Tw , and bleach 
with bleaching powder solution at 1° Tw for three hours, then wash, sour, and 
wash again 

Lumsden, Mackenzie, and Fort (Bnt Pat 165198, 1920) prevent bleeding 
and staining by using solvent extraction, followed by a mild alkali scouring such 
as boiling with 1 per cent of sodium carbonate in an open kier 

The following examples of processes ajiplied to goods containing coloured 
headings, borders, and strijies are given rather to indicate various c ombinations 
and grades of operations taken from practical working, than to rank as rules to 
be applied without special tests 

Goods with CoLouaxD Usadinos, thxaiiid in Ordar of Fastness 
Example 1 

Fast black, buff, red (heavy shirtings). 

1 Lime boil witii hanging out of headings 

2 Hydrochloiic acid sour, followed by washing Low pressure soda ash and rosin 

boil and wash 

3 Chemic, wash, sour, and wash 

Fink generally requires more care and a low-pressure hme boil 
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Examj^ 2 . 

Ditto, for Medium and Light Shirtings. 

1 Boil nine hours in lime at low pressure with hoadinw placed to one side 

2 ‘Wash and chemio at 2 75^. Ciroulate for half an hour and then allow to remain 

for two to three hours 

3. Wash and sour with acid of about j° Tw. 

4. M^ash mto kier and boil seven hours with sodium carbonate and rosin (about 80 lbs, 

carbonate and 20 lbs. roam per 60 cwts of cloth). After boihng, wash. 

5. Chomio at 2° for half to one and a half hours. 

0. Wash and sour at 1° Tw , and thoroughly wash. 

Example 3. 

Worsted Headings (Red and Black). 

1 Boil for half an hour in lime and wash off in kier Wmce out of the kier and wash 

slowly in washuig machine, without tension, pass into wagon 

2 Pass by wmoc into ehcmie at about 1 5° and eirculate for a quarter of an hour 

Btam and wmce into wagon, washing as before 

3. Pass into kier and boil for half an hour to an hour with soap and carbonate 

of soda. 

4. Wash again and chemio , sour and wash as before. 

Example 4, 

Lilac and green require special care in boiling and sours They are either 
hung out or subjected to only short boils o£ about two and a half hours. They 
are then washed and cheinicked and again washed, after which they are boiled at 
low pressure with soda ash After this they are washed, chemicked, soured lightly, 
and washed Since green colours often f^e with acids, the use of sodium hypo- 
chlonte is advisable m order to avoid the necessity of souring 

Example 5. 

Chocolate Headings.— These may lie hung out in lime boil and treated as 
above, or sometimes they may be soaked in salt and water instead of bowking. 

Example 6. 

Blue. — The following formula is used — 

1. Low-xiroshurc lime boil, with hanging out, and wash 
2 Sour with hydruchlonc acid and wash 

3. Low-pressure suda-ash boil (26 lbs. per tun of cloth) fur four boura 

4. Cbenuc, wash, and sour with headings hung out , wash. 

An alternative method is — 

1. Low-iiresBure lime boil with headings in, but drawn to the side. 

2 Wash, chcmic, wasli, sour, and wash, 

3 Huda-ash boil (3 lbs. per ton), with headings to side as before. 

4. Wash, cheinic, wash, sour, ete. 

Example 7. 

Orange Headings. 

1. Low-pressure soda-ash boil for two hours. 

2 Fill up and steep overnight. 

3. Wash into chemio (2°), and wash out into kier 

4. Boil with 30 lbs soda ash per ton and a little soap at low pressure for half 

an hour and steep overnight, 

6. Wash into ohemic at 1 6°, and wash. 

For Egyptian cotton a stronger chemio (2 76°) is employed. 
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■ Example 8. 

Lemon Headings. — Often these will not stand boiling with soda or soda 
ash or a high temperature. They can, however, generally be chemicked and 
soured 

The following method is sometimes used : The goods are steeped in salt and 
water overnight and then washed and boiled for about fifteen minutes in soap 
and water After this they are washed, chemicked in sodium hypochlorite, and 
again washed. 

Example 9. 

Borders and Stripes. — Owing to the longitudinal distribution of these 
over the cloth, the methods employed for headings are not generally available. 
Since, however, the quality of the goods is generally low the conditions are less 
onerous. As a rule the quantity treated at once is reduced to sufficiently small 
dimensions to allow of rapid treatment, and so avoid the risk of the colour 
striking through to the white fabric. As much of the bleaching as possible is 
relegated to the chemicking process, during which the goods must be carefully 
watched to detect and prevent bleeding of the colours, by at once stopping the 
process 

The following are examples of the processes employed : — 

Example 10 

Red and Black Borders. — Boil for one hour in weak hme and wash in 
chemic (2°), circulating for fifteen minutes. After draining, wash and sour with 
sulphuric acid Tw ) Then wash again and boil for one hour with soda and 
soap. Wash with chemic as before, and finally wash. 

Example 11. 

Black Borders and Stripes. — Boil for one hour with lime at low pressure , 
wash and chemic (1'5°). Then wash and sour (^° Tw ). After washing again, 
boil with soda ash for one hour and wash Then pass again through weak 
chemic, sour as before, and wash. 

Note — Chemic strength expressed as chlonnc contents in grammes of available 
chlonne per htre. 



CHAPTER XXVIII 

STAINS, DISCOLORATIONS, AND DAMAGES. 

FKbQi FNi reference has been made in the preceding chapters to the danger of 
over-bleaching and to the many kinds of iliscolorations and damage to winch 
cotton IS subject For purposes of reference, it will be convenient to epitomise 
the more important of these defects No list can be regarded as complete The 
number of potsible causes of damage seems to increase rather than decrease 
In some cases it is extremely difhc idt to hnd any satisfactory explanation of an 
obvious defect In fact, no problem is more difticiilt to solve than the tracing 
of the cause of damage or disc oloration in bleached goods 

Damage may be of either mechamcal or chemical origin, and often the effects 
of both are similar Thus, it has been noted that shot holes ” caused mcchani 
cally in washing are difhc ult to distinguish fiom those due to over heating with 
live steam 

The following list includes the more important ai d common kinds of 
damage 

1 Medtaiiwal Damcc/e — This may be pioduced at any stage, and can only 
be avoided by careful overhauling of the machines Unovem bowls of a mangle, 
or any similar defect, aie often suflicient to cause evtensive trouble The effect 
of a defective beetling machine has been mentioned also Shot holes may be 
regarded as a form of mechamcal cl image 

2 DutortMH of pattein, accompamed sometimes by rujiture of the threads, 
may be traced gc nerillj to the accident,!! use of too strong a caustic lye, or allow- 
ing a dilute Ije to concentrate in the goods In this connection the danger of 
putting a concentrated solution of sodium hydroxide into a kier and then filling 
it up with water has been referred to 

3 Minual o4 IStaim - These are caused frequently by machines Many 
people think that a moderately light coloured mineral oil is “ stainless ” This 
IS not the case The only stainless oils are those which are re.ulily and com- 
pletely sajiomfiable These may also cause iron shuns if they contain much free 
fatty acid It is almost impossible to remove mineral oil during the ordinary 
processes Bleaching may cause it to bt*come tenipoianly invisible, but it works 
its way up to the surface gradually and c auses loss of colour or actual discolora- 
tions It may take some time for this to happen This is why most of the com- 
plaints are in connection with exported goods Mmeial oil can only be removed 
by means of an organic holvent Localised stains may be milled carefully with 
a freely soluble soap or with a solution of soap in an organic solvent Milling 
IS assisted sometimes by the presence of a detergent, such as fuller’s earth 
Stains due to tar are even more difficult to deal with than mineral oil stains 
The addition of sodium oleate or sulphoricinate to the lye is said by Scheurer 
{^JSCI, 1903, p 1344) to remove mineral oil Stains caused by lubricants are 
accompanied generally hy iron, i e the stain may be due partly to both causes 
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4 Lime stains are due to unremoved impuntiea owing to bad boiling 
or plaiting, deficient circulation, too strong a liquor, incomplete bounng, or 
excess of air Lime “ burn ” is produced by tbe presence of unslaked particles 
of bme or magnesia, which subsequently take up water, producing heat and 
Bwelhng 

5 Iron Stains —These may be due to rust in the machines, kiers, or pipes, 
or to the presence of iron in the water or chemicals used Lubncating-oil stains, 
as mentioned above, are generally ferruginous Blacklead sometimes contains 
ferric oxide Iron stains are generally reddish brown in colour, though occasion- 
ally when due to taimate of iron they are blue black or black Iron can be 
removed by rnpauh of acid Potassium hjdrogen oxalate has been mentioned 
as a good solvent 

6 Lead Stains - These aie rather simdar m appearance to iron stains, but 
have a dull brown colour The lead is generallj ))resent as peroxide, which is 
produced by oxidation during the bleaching process Lead stains are found 
sometimes in goods boiled m lead lined kiers or which have lam in contact with 
lead pipes They are very difhcult to remove, but may be dissolved by means 
of a solution of ammonium acetate They are distinguished from iron stains 
by the fact that they do not give prussian blue when treated with hydrochloric 
acid and potassium ferrocyanide Neither do they yield a red ash, but a yellowish 
or white one If this be extracted with ammonium ai ctate the lead is dissolved 
To this solution is added a drop or two of potassium cyanide solution, followed 
by a little ammonia till the liquid is alkaline Some sodium sulphide solution 
IS next added A,ny brown coloration will be due to lead, since in the presence 
of potassium cyanide neither iron nor copper give a colour 

7 Viscolorationi dm to Calcium and Maqiicsium Soapi — These generally’^ 
appear only when the goods have been stored They mav be due either to gradual 
dehydration of the soap or to the liberation of its fatty acids by atmospheric 
carbonic •tcid or other acids They are due primarily to the use of hard or 
impel fee tly softened water in scouring These discolorations arc often diffuse 
as opposed to local, and are yellow or light blown in colour They may be 
produced also from ordinary soclium soap used as a softening agent in the bnishing 
mixture In one case examined by the authors goods wrapped in paper acquired 
in a tow months a uniform yellow tint, which was founcl to be caused by free 
fatty acids liberated from the soap used in the softening hy acid contained in 
the paper wrapping 

8 Discolorations due to unremoved Cotton Ylaxes These are not uncommon 
m exported goods They are due to inc^omplete bottoming in the bowking 
process They are not apparent in the freshly bleached goods, but on storing 
m a warm, damp atmosphere residual waxes come gradually to the surface, 
producing brownish stains or discolorations There is no remedy for these 
except to bowk the goods again Levine (J SCI, 191 (>, ]) 087) holds that the 
yellow colour developed on storing or steaming is due to uiiremosed nitrogenous 
impurities 

9 Stains due to Bacterial Gtowth These have been dealt with in Chapter X 
They may occur at any stage of the operations They are due to various causes, 
such as the use of polluted water, insufficient ventilation and washing, want of 
cleanliness, or the use of decomposed dressing materials 

10 Discolorations due to Chemicals or to Decomposition of Dressing Materials 
— The loss of colour due to the decomposition of starches will be desenbed later 
Blueing materials are sometimes the cause of trouble Thus, ultramarme is 
decomposed very readily by acids with the production of a browmsh colour. 
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Seme of the dyestufia used in a aimilar manner are sensitive to either acids or 
alkahs 

11. Stains caused by Anikne Vapours. — When amline is oxidised a mauve 
dyestufi (Perkin’s mauve) is produced. When white goods are kept near others 
dyed with amline black, aniline vapour sometimes becomes deposited and oxidised 
to a pinkish dyestufi. This stain was first pointed out by Pentecost (J.S.C I., 
1909, p. 1180). Higgins (Bleaching, p 126) states that he once used aniline oil to 
take out a tar stain from some goods, and foimd that other white goods in the 
immediate neighbourhood developed a pink discoloration. 

12. Tendering and Slama due to OxyceHuhse. — Oxycellulose gradually causes 
yellowing, but this is accompamed also by tendenng The various factors con- 
tributing to the production of oxycellulose have been discussed fully. Perhaps 
one of the commonest is the presence of traces of iron, copper, or other catalyst 
in the goods Many authenticated examples have been quoted. The authors 
have traced, on one occasion, tenderness in bleached goods to the brass bowl 
of a machine which became corroded when not in use during the week-end. In 
another case, the tendenng of cotton shirts when exposed to a tropical sun was 
found to be due to copper acting as an oxygen carrier Higgins (J.S C I., 1911, 
p. 188) found black stains produced by a blueing mangle to be caused by mercuric 
chloride, used as an antiseptic in the starch, reacting with the copper of the 
mangle, and liberating metallic mercury. These, however, were not charactensed 
by tenderness, but were jiurely discolorations 

13. Tenderness due to Kier Damage — This is caused chiefly to the exposure 
of the goods above the surface of the liquor in the kier, and occurs both in lime 
and soda boiling It takes the form of patches, several inches across, of tender 
but not absolutely disintegrated cloth merging gradually into sound material. 
Higgns (Bleaching, p 127), desenbing this, says that it is not due to oxycellulose ; 
it may be caused by the concentrated action of the boiling alkah, through the 
drying up of the exjfosed portions, or to the oxidising action of the air in the 
steam. 

1 4 Tendenng due to Calcium Carbonate or Lime — Higgins (foe cit ) says that 
the crystallisation of calcium carbonate in the fibre may cause mechanical 
damage. The cellulose shows no chemical alteration, but under the microscope 
18 seen to be profoundly affected. When a deposit of lime is formed locally in 
the cloth, e.g by the drying of exposed portions in the hme boiler, calcium 
carbonate may be formed inside the fibre. It may be quite tender, and show a 
large number of kinks or bursts resembhng the nodes of bamboo. 

15 Tenderness due to Acids — This is due generally to hydrocellulose, and is 
caused by incomplete washing after sounng, or to the use of dressing matenals 
containing acids. The use of sulphunc acid to produce scroop is also sometimes 
responsible fur this kind of damage. Acid tendering is often found in umons 
which have been bleached with sulphur dioxide, and in cotton dyed with sulphur 
dyestuffs, many of which develop sulphunc acid gradually on storing. 

It IS not suggested that the above summary is anything like inclusive. There 
are many cases of damage which cannot be classifiedi, and each of which reqmres 
a special investigation 
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FINISHING AND THE MATERIALS USED IN FINISHING. 

After the goods have been bleached and washed, they are transformed from the 
rope form to the open width and subjected to mechanical processes with the 
object of correcting strains and twists produced while passing through the croft. 
They are then dried or partly dried, after which they are ready for finishing 

The fimshing of cotton goods is largely a physical or mechanical process, but, 
at the same time, it demands considerable knowledge of the chemicals used. In 
some cases the processes are entirely mechamcal As a general rule the goods 
are passed through an aqueous solution, or a mechanical mixture or colloidal 
solution of the bodies which it is desired to apply, and then redried, pressed, and 
ironed, or otherwise mechanically treated, m order to produce the effect required. 
The method of applying the finish and the production of the mechanical effects 
will be described later. The final effect of a finish is to a large extent determined 
by these mechanical operations, but these can only produce their full and proper 
effect when the chemical properties of the materials used are understood In 
the absence of this knowledge, finishing becomes a mere rule of thumb, and is 
only successful as long as the conditions are normal. 

An unsuspected variation in any of the materials used will frequently cause 
the break-down of an empirical process ; but if the variation is known, its effect 
may sometimes be allowed for Many faults in finished goods may be traced to 
insufficient knowledge of the finishing matenals employed Thus, for examjile, 
as will be seen later, careless selection of starch or glue may result in discoloration 
or tendering of the finished goods or encourage the growth of harmful bacteria 
or moulds Again, absence of chemical knowledge often fails to prevent the 
mixing in the same finush of compounds capable of reacting with each other, 
giving rise to new bodies with properties which differ from those of the inter- 
acting compounds 

Even when scientifically controlled, it is not an easy matter to produce an 
unvarying result Having regard to this and the fact that in many cases orders 
depend almost entirely on the finish, it is perhaps somewhat surprising that so 
little care is taken in the selection of the materials used, price being frequently 
the chief factor considered. The use of a poor bleaching powder or alkali only 
increases the cost of the proce.ss by making it necessary to use more, but the 
employment of bad finishing materials is generally not discovered till after the 
distribution of the goods, when it gives nse to dissatisfaction and claims for 
damage 

The production of improved finishes is a doubtful possibility unless con- 
structive expenments are carried out under strictly scientific conditions, with the 
same carefulness that would be bestowed upon a chemical research, accompanied 
by the accurate recording of results. To add bucketfuls of chemicals to an 
approximate number of gallons of water is extremely unscientific, and when the 
composition of the matenals, measured by means of a bucket, is also .unknown, 
the reproduction of any given result is a matter of chance only. All finishing 
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mixtures should be made by weight and recorded, and such variations as water 
content duly allowed for. The quahty of supplies should also be frequently 
checked by analysis. 

The methods employed in making up and applying the mixtures will be 
briefly described later. The exact com'jiosition of the mixture to be used must 
be determined by a combination of experiment and experience, and even with the 
same formula, different effects will often be produced in different works. This 
IS, of course, yiartly due to differences in manipulation, but also largely to the 
other causes indicated above, viz. want of scientific control. Hence it is not 
desirable or practicable to give formulae capable of general application. A very 
large number of substances are used in producing various effects. They may be 
classified according to their properties as follows — 

1. Filling materialx, such as gypsum, calcium carbonate, magnesium sulphate, 
various silicates, and barium sulphate 

2. Stiffening maienalx, such as the starches and preparations thereof, dextnn, 
gclflfin, and glue, casein, gum.s algiii, and preparations of Ireland and Irish moss, 
(.'arnauba wax 

3 Softening Agents — Soaps, saponifiable and iinsaponifiable oils and waxes. 

4 Blueing Materiah Ultranianne, jiruasian blue, .smalt, and aniliiip dves 

5 Antiseptics Boric acid, borax, copper salts, phenol, formalin, and zinc 
compounds 

6 Dehquescents — Magnesium and zinc chlorides and glycerine 

7 Firejironlmg agents, such as metallic oxides, tungstates, pho,sphates, 
borates, and silicates 

8 Waterproofing Agents -Insoluble soaps, oxidised or oxidisable oils, gelatin 
tannate, formalin gelatin, jiaraffin wax, ceresin, and rubber solutions 

The above classifications are of necessity somewhat general in character and 
not exhaustive, .ind relate to the more prominent characteristics of the agents 
referred to Some of these agents perform additional functions, or may be 
classed in more than one category 

Thus, filling agents, though applied chiefly for the purpo.se of adding weight 
or substance to the cloth, exercise their individual effects upon the superficial 
appearance and the feel of the cloth, even to the extent of developing stiffneas 
therein P)e1i(|ncsconts, and deliquescent antiseptics, are, incidentally, also 
weighting, and softening or mellowing, in their effects The various agents 
operate in very different degrees according to their special nature and application 
This is iiot.iblv the case with stiffening agents, the effects of which may vary 
from hard, rigid, brittle finishes to such as are clastic, or apyiarcntly as pliable 
as the natural cloth, and suggest a pure finish In the latter case they are 
termed assistants They may also act as binding agents for filling materials, 
or as a medium for the even distnbution of the colouring agents In common 
with other agents, they have the quality of disposing the cloth for the develop- 
ment of various surface effeets, such as dullness, gloss, etc 

111 the following deacriptions their finishing qualities are only briefly alluded 
to, as these arc so variously developed by the mechanical processes of finishing, 
and by their mutual reactions, that for their more detailed treatment manuals ' 
on the subject should be consulted 

Filling Materials. — French chalk, being finely ground and free from gntty 
matter, possesses the proyiertv, when incorporated in the cloth (with the assistance 
of a suitable binding agent), of rendering the surface smoother and more homo- 
geneous than IS the case with more coarsely grained matenals. It also has a 
lubricating action with respect to the coarser particles of filling matenals with 
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trhicli it may be associated, which not only favours smoothness of surface when 
calendered, but also tends to somewhat mcrease the pliability of the cloth. 

Mineral white, or gypsum, possesses excellent filhng properties for use with 
cloth which requires a moderate degree of filling, for either hard or medium finishes, 
and it also serves, to a slight extent, as a weighting agent, but in this respect 
IS inferior to banum sulphate (“ barytes ”), which is accordingly employed in 
conjunction with it, when much additional weight is required 

China clay is employed to produce the most heavily filled finishes, in which it is 
necessary to load the cloth to its utmost capacity The tendency of clay finishes 
IS to produce a stiff finish and a rough, or dull, surface efiect, though this can be 
modified by the admixture, in the making, of suitable ingrediepts, as desenbed. 

The commonest of these is ground gypsum, or, as it is frequently termed, 
“ mineral white.” For more expensive finishes this is replaced by calcium car- 
bonate or the finely ground siliceous mineral known as French chalk Finally, 
mineral fillings may be deposited on or in the fibres by double decomposition. 

Calcium sulphate occurs in nature as anhydrite, CaS 04 , and gypsum, 
CaS ()4 2 H 2 O Satin spar, or fibrous gypsum, alabaster, and selenite are all 
varieties of hydrated calcium sulyihate and have the same composition as gypsum 
Calcium sulphate is obtained also as a by-product in manufacturing processes, 
when lime or chalk is used to neutralise sulphuric acid — 

1 IjS 04 +('ar 03 -= CaS 04 -fC 02 -f HgO 

f'ulcium sulphate is a white amorphous substance It is only sparingly 
soluble, 1 part of calcium sulphate requiring 5(X) jiarts of water at 18° C The 
solubility increases slightly up to a temperature of 38° C and then decreases 
u]) to 1(X)° (' CaliMum sulphate is comparatively readily soluble in a hot solution 
of hydrochloric acid When gypsum is heated to a temperature of 1 10° to 1 20° C. 
it loses part of its water of crystallisation, crumbling to a powder termed plaster 
of Pans - 

2CaS04 2H2O ^ (CaSOjlgHjO -( SHjO 

When plaster of Pans is mixed with about one-third of its volume of water 
it forms a stiff jiaste, which sets quickly to a hard, white, porous mass — 

(CaS04)2H20-|-3HgO=2CaS042H20 

The presence of alum, potash alum, or potassium sulphate retards the rate of 
setting, but makes the set plaster much harder Keene's cement is a mixture 
of plaster of Pans with potassium sulphate. When plaster of Pans or gypsum 
IS heated to 2(K)° C the whole of the water of crystallisation is expelled The 
anhydrous calcium sulphate does not set when mixed with water It takes up 
water very slowly. Plaster which has been overheated in manufacture is termed 
overburnt or dead burnt 

The calcium sulphate used in dressing is generally finely ground gypsum, but 
a paste consisting of calcium sulphate prepared by treating a solution of calcium 
chlondo with sulphuric acid, and washing the precipitate with water, is also 
employed. Ground gypsum has a crystalline structure, while precipitated 
gypsum IS amorphous In some respects artificial calcium sulphate is preferable 
to ground gypsum. It has a softer feel and is more regular in the size of the 
particles. Ground gypsum, owing to its crystalhne structure, gives a harsher 
feel to the cloth, the harshness being determined to a considerable extent by 
the size of the raystalline particles. The fineness of the powder may be judged 
by rubbing it through a fine sieve. 



S60 


BLBACHmO Ain> TOnSBXITO OT OOWOK. 


Grottnd gypsum is never adulterated, but its composition varies, naturaQy, 
with the punty of the mineral from which it is prepared. The chief impurities 
are silica, oxides of iron or alumina, calcium carbonate, ^d carbonate or sulphate 
of magnesium ' It contains from 19 to 20 per cent of water. The following 
table shows the composition of some commercial samples • — 





Burnt 

Burnt 

Silica .... 

4 41 

0 08 

1 54 

0 12 

Iron ozifle and alumina 

1-16 


2 20 


Calcium sulphate .... 

70 70 


86 88 

88-86 

Magnesium sulphate 

0 52 




Calcium carbonate , 

8 32 


• se 

ese 

Magnesium carbonate . 

3 60 




Moisture, cto. . . 

16 21 

19 36 

9 88 

0-40 


The percentage of moisture is estimated by heating about 2 grammes of the 
sample in a silica dish on a hot plate to a temperature above 200° C and weighing 
the residue If a full analysis be required, about 1 gramme of the sample is 
dissolved in boiling dilute hydrochloric acid and the solution filtered into a 
500 c c flask. The residue of silica on the filter is washed several times with 
hot dilute acid and again with water. It is then ignited and weighed Iron 
oxide, cahimn, magnesium, and sulphunc acid are determined in the solution 
in the manner described for water. 

Prciupitated calcium sulphate should be tested for free acid by mixing 
a weighed quantity with distilled water and titrating with decmormal sodium- 
hydroxide solution in the presence of phenolphthalein 

Kaolin or china clay is a hydrated silicate of aluminium found m large 
quantities in Cornwall Its composition is — 

Allies ...... 47 

Alumina ... . . 40 

Water .... .IS 

corresponding to the formula 2 Si 02 AIg 032 Hj 0 

It is generally found rmxed with quartz or mica produced by the decomposi- 
tion of granitic rocks (Hurst, Dictionary of Chemicals and Raw Products). It is 
separated from these by a process of levigation. The better qualities of china 
clay are white amorphous powders of sp. gr. 2-2 , the lower grades have a 
yellowish colour due to the presence of impunties, such as iron These are often 
improved by the addition of some blue, such as smalt or ultramanno. Good 
china clay should give no soluble matter when treated with hydrochloric acid. 
The following examples are given by Hurst — 



Cornwall. 

China. 

Frenob. 

Silica, SiO, .... 
Alumina, AlgOj . 

Water, H,0 .... 
Potasn, KoO . 

Feme oxide, FjOg . 

Lime, GaO . 

Magnesia, MgO . 


61-60 

88-76 

10-24 

1-80 

1-80 

0-80 

48-87 

34-86 

12-00 

2-40 

1-26 
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China clay contains sometimes an excessive quantity of water, which can be 
estimated m the usual manner. The presence of calcium would render the sample 
suspicious If the sample be extracted with dilute hydrochlonc acid, the filtrate 
should give no precipitate when neutrahsed with ammonia and then boiled with 
a solution of ammonium oxalate. The colour of a good sample should be a pure 
white, and the powder should not have a gritty feel when rubbed between the 
fingers Grit may be detected also by ndaking some of the powder into a thin 
cream with water, placing it on a sheet of glass and moving another over it 
As stated above, low grade samples are sometimes mixed with “ blueing ” 
agents to improve their colour. Ultramarine olt a coal-tar dyestuff may be used 
for this purpose Portions of the sample are mixed with dilute solutions of 
hydrcK hloric acid, sodium hydroxide, and bleaching powder, and compared with 
another portion mixed with water only Any change of colour produced may 
be due to the presence of one of the bodies mentioned 

French Chalk.— Various finelv ground siliceous minerals are used under the 
name of French chalk Among these are talc and soap-stone 

Tttlr IS a hydrated silicate of magnesia having the formula SMgOfSiOgHgO 
It IS a tr.nislucent mineral of sp gr 2 5 to 2*8 When ground it forms a white 
powder with a soapy fool The pre>.eiico of iron or certain other impurities 
renders it grey or \ellowish in colour The chief imjiunties are clay, lime, and 
iron, and their presence gre.itly detracts from its value Some varieties contain 
more than 5 jier cent of clay and iron The following anal>ses show the com- 
liositioii of commercial tiles {J SC 1 , 1908, ji f>4) — 


Origin. 

Tyiol 

Switzerland 

Anstiia 

Fiance. 

Italy. 

Silicic acid . 

62*12 

60 85 

69*59 

60 91 

51 23 

Magnesia . 

31 16 

32 08 

32 92 

24 86 

33 32 

Alumina , . . 


1 71 

1 76 

13 19 

7 08 

Lime 



0 59 

1 82 

1 80 

Iioii oxide . . 

1 82 

0 00 

0 7't 

2 .18 

1 69 


The surface produced by talc is superior to that of the other mineral fillings. 
The following is an example of a low-grade talc used in finishing — 


MaRnismm silicate 

78 91 

Cnleiuni < ulioiiite 

12% 

Alumina 

bOU 

Soliihli niattii 

2 13 


A good samjile should be free from gnt, blueing materials, and should contain 
only very little matter soluble in hydrochlonc acid 

Barium •sulphate, ]iaS 04 , occurs native as heavy spar (barytes) It is very 
dense, having a sp gr of 4 6 It is practically insoluble m 'water and acids 
Owing to its insolubility it is largely prepared as a by-product m the manu- 
facture of other bodies Thus, when it is necessary to remove excess of sulphunc 
acid, either barium or calcium carbonate is commonly employed, the insoluble 
sulphate being filtered off and washed and dned It is also obtained as a by- 
product in the manufacture of hydrogen peroxide — 

HjS 04 +BaC 0 i=BaS 04 +Hg 0 -fC 0 j. 

Precipitated barium sulphate is termed bUmc fixe. It is generally sold as a 

36 
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paste, containing from 25 to 30 per cent, of water. Barium sulphate has very 
marked weighting properties, but its covenng power is not very great. 

Banum carbon^, BaC 03 , is found native as withente. It is a white powder 
with filhng properties similar to those of barytes, but is not so permanent, since 
it is attacked by acids. 

Satin white is the name given to the precipitate obtained by treating 
aluminium sulphate with milk of lime. It consists of a mixture of aluminium 
hydroxide, together with some free calcium hydroxide and calcium sulphate — 

Al*{S 0 «)a+ 3 Ca( 0 H)*= 3 CaS 04 + 2 Al( 0 H )3 

This body is largely used in paper coating and has a great covenng power, 
combined with a high lustre. The quantity of free lime present renders it 
difficult to use for cotton goods unless previously well washed by decantation 
According to Traquair (J.SG 1 , 1910, p. 327), the following figures represent 
the composition of the average commercial product • — 


Moisture , . 06-70 

A1,(0H), ... 7-fl 

Ca(OH), 6-8 

CttR04 13-17 

Alkaline salln 4- B 


The same author gives the following relative covenng powers of satin white, 
blancfixe, and china clay — 



Area covered. 

Average 


ealeulated to 

Moisture 


T)iy Colour 

per cent 

8atm white 

100 

«.')-73 

Blanc fixe 

00 

2.5-30 

China clay 


0 


Fillings produced by Double Reaction. — If a fabric be soaked m a solution 
of a soluble barium salt, such as the chloride, and then treated with a solution 
of sodium sulphate, insoluble barium sulphate is precipitated in the fibres, in 
accordance with the equation 

BaCl,+Na,S 04 =BaS 04 + 2 NaCl 

Similarly, magnesium carbonate or silicate could be obtained from magnesium 
sulphate by means of sodium carbonate or sibcate- - 

MgS04+Na3C03=MgC0,+Na3804, 

MgS 04 +NajSi 03 =MgSi 03 -l-N ^04 

Such reactions are used in mordanting cotton for dyeing. Thus, tannate of 
antimony is deposited in the fibre by treating it successively with tannic acid 
and antimony tartrate. Double reactions are used also in dyeing cotton with 
mineral pigments, such as chrome yellow or prussian blue. They are employed 
largely in the weighting of silk. 

Stiffening Materl^s. — ^These are used for three purposes, vie.^ — 

1. To impart a desired degree of stiffness or a particular handle to the finished 
goods. 
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2. To act as adhesive or binding agents for filling materials. 

3. As size to impart strength to a yarn during weaving 

The most important of the substances used for these purposes are the starches 
and dextrms, but many others, as mentioned above, are used to a hmited extent. 
Softening agents, dchquescents, and antiseptics arc commonly included in starch 
or other stiifcnmg or binding dressings to modify the effect in some particular 
direction or to prevent deterioration of the goods when stored. 

In the following pages the more important of the stiffening and binding agents 
are described 

TThe Starches, CjHuOs. — These carbohydrates, as mentioned above, are 
polysaccharoses. Their molecule is thought to be produced by the combination 
of a number of molecules of a monosaccharose If » molecules 

combine, then (»— 1) molecules of water are eliminated — 

«C2H,20,-u(0,Hio05) + («-1)H20. 

Although the percentage composition of starch is represented by the formula 
CjIIioOu, yet its molecule must be some large multiple of this, n being not less than 
1(X) Brown and Morns give the simplest form of starch as being 2()(C'igH^Oio)6, 
which would give ii a value of 200 

It IS held by some chemists that starch is compo,sed of two bodies termed 
“ amylose ” (or amylocgllulose) and amylopectin Samec and Hacrdtl {J S C 
1921, 272a) found that starch could be separated by electro-dialysis into a 
highly VISCOUS and electro-conducting fraction (amylopectin) and a non-viscous 
and non-conducting fraction (amylose), the proportions varying with different 
starches 

Samec states, further, that all starches contain phosphorus (J S.C 1 , 1913, 
p 102), varying in quantity from 0’012 per cent in tapioca to 0-il2 per cent, in 
potato starch From this he concludes that starch substance consists of a com- 
jiound of a carbohydrate with phosphoric acid, the whole complex being united 
with a suitable cation or cations to form a salt of the type (C'eHjQOj)„ (PO4), 
(where K is the cation), and the molecular weight of starch is said to vary from 
77,500 to 2(iO,(XXI 

Tryller (JSC I, 1920, 829a) also holds the opinion that potato starch 
contains combined phosphonc acid, present as the potassium salt During 
manufacture the potassium is replac^ by calcium derived from the water 
used, the dry manufactured product being represented by the formula 
(CgHioOglnOH POgt’a, where n has a value of 260 corresponding to a PgOg 
content of 0'165 per cent This would give a molecular weight of over 40,000. 

Karrer, however, states (J S.C. I., 1921, 361a) that estimations of molecular 
weight based upon the constants of colloidal solutions are probably much too 
high, since in a colloidal solution single molecules are not present but aggregates 
of molecules He prepared a methyl derivative of starch with the composition 
CeH*03(00H3)2 

This compound forms a true aqueous solution from which its molecular 
weight was determined This methyl-starch has a molecular weight in water 
of from 990 to 1026, or, allowing for inorganic matter present, 1200 at most. 
From this it was concluded that the starch molecule does not contain more than 
SIX dextrose residues 

Starch is distributed very widely throughout the vegetable kingdom, occurring 
chiefly in the gram of cereals, seeds, roots, and tubers. It is laid down generally 
by the plant to serve as a reserve of food material, often, as in the case of grain 
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and seeds, ior the young plant It always occuts in the form of granules, which 
have oharaptenstie shape and sire depending upon their origin These granules 
are deposited in certain cells known as “ amyloplasts ’ or starch formers The 
starch is built up in these tells from soluble and diffusible constituents of the 
cell sap It is deposited gradually from the periphery to the centre, that is, in 
the opposite way to whit h a crystal is formed 

Starches have different charactenstic shapes and striietures depending upon 
their origin As a rule starch granules have a stratified structure, with a small 
poiut or hilum around which the strata are laid down The different layers 
contain different amounts of water The hilum is always rich in water, and 
each layer alternately contains more or less water, the outer being the poorest 
in water and richest in substance Asa consequence of the me reasing proportion 
of water from the outside to the hilum, fissures radiating from the hilum to the 
peripherv are often formed If sfcirch granules he soaked in alcohol which 
abstracts the w.iter, the stratification disappears Starch granules consist of 
two siihstaiiccs graiiulose and starch cellulose, together with minute quantities 
of nitrogenous constituents and oil The starch cellulose occurs chiefly m the 
outer Ia\ers It is much more resistant than granulose, and thus forms a pro 
tec ting coat for the granules This may be ruptured by boihng water, ot by 
mec li line d grinding, and the granulose liberated Stare h cellulose is less soluble 
than gr inulose Thus when stare h is treated with dilute ac ids or alkalis, the 
granulose is first att.uked and with care it is possible to leave the cellulose 
behind On prolonged boiling with water the starch cellulose is converted 
largely into soluble starch Butllamson (J Soo Dyer^ md Col , 1916, p 40) 
states fhat there is no difference in composition lietwcen the outer and inner 
layers of the starch granule, although the former is more resistant to hydrolysis 
From the point of view of the bleacher and finisher the more imjiortant starches 
are wheat, mai/e, nee, potato, cassava, tapioca, and sago The first three of 
these are cereal starches, potato, cassava, and tapioca arc derived from roots or 
tubers, while sigo is prepared from the pith of trees The sago tree or palm is 
( ut down and split lengthwise The jiith is removed and powdered The powder 
IS then washed with water to separate the starch granules from the woody tissue 
The mixture of starch and water is jiassed through a fine sieve and then allowed 
to stand for the st.irch granules to settle The sediment is washed several times 
and then dried, when it is known as “ sago flour ” Granulated sago is made 
from s<igo flour by making if info a paste with nafer and drying over a fire so 
as to parflv gelafimse the starch granules and c,iuse them to stick together 

Tijuoca and cassava are obt.uned in a Homewh,vt similar manner from the 
tuberous roots of the munhoc or cassava plant, both of which are natural to 
South '\inerica 

The Preparation of Starch. — The raw m.itcn<il, whether gram or tuber, 
consists of a mixture of cnrbohvnlrates oil, nitrogenous substances, and miiieral 
matter This is seen in the following tible - 



Wlioot 

Maiie 

Sice. 

Potato 

Cassava 

Water 

14 5 

14 a 

14 8 

76 6 

8 2 

Siaich 

89 0 

84 5 

76 0 

20 7 

68 6 

Oil 

1'2 

80 

06 

02 

0 6 

Albnmmoicfa 

11 0 

90 

7 6 

1 9 

26 

Mineial niattc>r 

1 7 

20 

06 

1 0 

2 1 

Oellalose, etc ... . 

2-« 

5 0 

0 9 

0 7 

21 i 
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The problem of the manufacturer is to remove as much as possible of the 
oil, albuminoids, non-starchy carbohydrates, and mineral matter without losing 
or damaging the starch When well prepared, starch is almost pure, as shown 
by the following analysis of a commercial sample of maize starch — 


Water 

10 6U 

Soluble mattci 

0 02 

Mineral matter 

0 10 

Starch 

80 38 


Owing to the chemical inactivity of starch, it is very diflicult to manufacture 
it by chemical methods, and the older processes were entirely mechanical With 
the advance of chemical knowledge chemical processes have been gradually in- 
troduced, and modern starch manufacture is a combination of the old mechanical 
with the newer chemical processes The older processes will now bo bnefly 
described as applied to the preparation of wheat starch In one process the 
grain is steeped in water till it becomes soft It is then ground between rollers 
and again allowed to stand in contact with water, when natural fermentation 
bets in, with the production, among other things, of lictic and acetic acids 
These gradually disintegrate the cellular structure of the gram, dissolving the 
albuminoids and setting free the starch granules These settle to the bottom 
of the tank, and the solution, containmg decomposed or pejitomscd gluten, is 
run off and more water admitted, together with a little of the old liquor to 
start fermentation The process is contmued till all the gluten has become 
soluble and, as far as possible, washed away Of course ciuring the process 
some of the starch is also attacked and removed in solution, as sugar or dextnn. 
After the separated starch has settled the supernatant liquid is drawn oil and 
the upper layers of the dexmsit are removed, since these are less pure, for further 
treatment The residue is then washed several times with watei and allowed 
to settle The sludge is then removed and drained m linen bags till it is firm 
enough to c ut It is then cxiiosed to the air till air dry, or gently heated in a 
stream of warm air, being often finished m an oven Another method, in which 
fermentation does not play so imxiortant a part, is the following The wheat 
IS ground to flour and made into a dough with water This is then washed in 
a stream of water, the starch being earned away mechanic ally The stream 
flow s through a fine sieve and is continued till the water c eases to ajipear milky 
as it runs aw<iy The mixture of impure starch and water is then allowed to 
ferment, or fermentation is artificially induced, to faejiarate the remaining gluten, 
aftei which the starch is finished as desenbed above It is obvious that these 
processes, de])ciiding as they do upon bacterial changes, must give a product 
liable to contain ^iroducts of disintegration, along with putrefactive and acid- 
formmg bacteria, which will subsequently develop under suitable conditions 
The starch made by these processes does not exceed 50 per cent of the flour 
employed While suitable for home purposes, it is unsuitable for others, owing, 
chiefly, to the imperfect removal of the gluten, which renders the product liable 
to be attacked by moulds, etc , and often sjioils its c olour The principle of the 
washing process is still made use of with mechanical moditicatiuns and improve- 
ments The following arc examples of apparatus designed to facilitate the 
removal of starch by washing Inverted cones and rotating cylinders are among 
the most favoured forms of washers In the following process (Fr Pat 328293, 
6th Januiiy 1903) the raw material is ground, susyieuded in water, and passecl 
through a senes of inverted cones in which the non-fannaceous matter is deposited 
at the bottom, the starch taking an intermediate position and the water collect- 
ing m the upper part The starch layers are separated and washed and again 
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pasBed through the geparating cones, the process being repeated till pure starch 
settles at the bottom of the cones. It is then removed and dried The process 
of Murdoch {J SG.I., 1903, p. 153) is founded on the same principles. The 
apparatus is shown in the diagram, fig 189. The macerated matenal and water 
gravitate successively through a senes of inverted comcal vats provided with 
open apices. The material is led into the highest vat, and a tank receives the 
discharge from the apices of the others Two or three sets of tanks are provided, 
and the precipitate from the first set is collected and passed through the next 
series ; the jiroduct is afterwards passed to a tank where it is chemically treated, 
after which it is collected and dn^ 

Vhlatid’s apparatus (Eng Pat. 14428, 1900) also makes use of an inverted 
cone (fig 190). In the centre of this is a vertical pipe, which increases in 
diameter as it descends. The mixture of starch and water passes down this 



pipe, and at the bottom it is radiallv deflected by means of a distributor The 
1i(}uid thus ascends in a vessel of increasing sectional area, and m so doing loses 
velocity to such an extent that the action of gravity overcomes the motion of 
the fluid Thus the starch gradually settles, the water passing on and over- 
flowing at the top of the vessel. The starch is drawn off through a cock at the 
bottom of the cone. ® 

The chemical means of treating starch-beanng materials chiefly depends upon 
the saponification of oil and the solution of albuminoids by means of dilute 
alkalis or the disintegration of the structure by means of sulphurous or other 
acids. Oil, as is well known, i.s converted by caustic alkali into soap, which is 
soluble in water and partly removed by emulsification in the presence of alkali. 
Albuminoids, as a rule, dissolve in caustic alkalis owing to the formation of 
soluble compounds Starch, while readily attacked by strong alkaline solutions, 
is not affected by very weak ones Sulphurous acid has the power of loosemng 
the cell waiUB and hberating the starch, at the same time inhibiting putrefaction 
and bleaching the starch. Sodium chloride has been proposed by Klopfer (Eng. 


STNISHIKO ASD THU WATOWTATJI trSBD IK*XIKISHINO. 


507 


Fat. 11159, 1907) as a loosening agent, especially in the manufacture of wheat 
starch. The flour is mixed with water containing 1 per cent, of salt, which 
loosens the cellular structure sufliciently to allow of 
the separation of the large starch granules, this being 
afterwards completed by centrifugal action, which 
drives the large granules to the periphery, whilst the 
small granules and gluten are drawn oif as a fluid mass 
from the middle of the apparatus. This pulp is mixed 
with water and the smaller granules removed by 
sedimentation, two qualities of starch being thus 
obtained. 

The Alkaline Process — A dilute aqueous solution 
IS generally employed, although an alcoholic solution 
accompanied by subsequent recovery of the spint has 
also been suggested A secret process is, according to 
Archbold (J S.C 1 , 1902, p 5), used in America in 
the manufacture of maize starch, depending on the 
fact that maize contains two albuminoids, one of 
which IS similar to diastase and soluble in water, 
while the other, which is identical with gluten, dis- 
solves readily in dilute aqueous caustic soda 

Sulphurous acul not only assists in the disintegra- 
tion of the gram, but also prevents the growth of 
putrefactive organisms and bleaches the material 
For certain purposes, such as cotton-dressing and i9o_uhland’» 

laundry work, it is very necessary to remove the last apparatus 

traces of acid Damage is often caused by acid 

starches. The acid can, of course, be removed by means of sodium carbonate, 
followed by washing with water. 

Starch may also easily be bleached, if necessary, by means of potassium per- 
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manganate in the presence of dilute sulphuric acid, but the same care must be 
taken to remove the last traces of the bleaching agent. A considerable amount 
of purification may also be efEected by means of dectrolysis, a principle which is 
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adopted in the following process (Eng. Pat, 3930, 16th February 1902) : The 
material is steeped in a solution of sulphurous acid, then washed several times 
with water and ground It is then sifted and the starch deposited and purified 
on inclined planes, collected, and mixed with water. The mixture is then 
subjected to electrolysis in the vessels shown in fig 191. Each electrolyser 
consists of an upper part. A, an intermediate part, B, of wood or other non- 
conducting iiiatenal, and a lower part, C, of inverted, truncated, pyramidical 
form, provided with a tap Cj. The electrodes are connected either in parallel 
or in series The liquor enters from the tank D, the level in the electrolysers 
being maintained by ball taps. It fiiows slowly through the electrolysers and 



FiO 192 — Planb fill starrli fuctury f<ii Inxli jMitatove in (’UHhuva . 1, binlcr ; 2, cnilinc, 3, root 
washer, 4,Krstri, ii, fii atci tank , 6. jninip frinn prater lank ti> bk-vp , 8. hlmkiiii; bipvo , 
0, btunh M’ttliiig tankK ; 10, sti mug tanks , 11, milk tunks , ] 2, milk jinniji , 13, ccntii- 
fugul tank, 14, ccntnfupul, 10, btuiih clevatoi , 17, iiulp tank, 18, outside bcttlmg 
tanks , 19, water from washer , 20, nvcillow to irngntiini. 

passes through the cocks Cj, t j, C 3 on to a very fine sieve, which arrests the 
organic prcnjiitate formed by the electrolysis Tlie jiroduct is then sifted and 
the .starch deposited and purified on inclined planes, after which it is dried and 
stored. 

Mai/.e starch is largely prepared by Archbold’ii process {J.S C.1 , 1902, p. 4) 
The gram is jiassod through a magnetic separator, after which it is soaked 
with water containing sulphurous acid or other anti.septic at 65° C till it is soft. 
It w then crushed and the germs separated from the penspenn by flotation, the 
germ, being lighter, floating and the husks sinking To aid the separation the 
specific gravity of the liquor is kept at 12° B 6 , by means of calcium ohlonde. 
The germs are collected in a centrifugal machine and dried. The corn is then 
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ground with water and allowed to settle in a conical separator. The mixture 
enters at the bottom, and, owing to the increasing diameter of the cone, the 
velocity 18 continually decreasing, so that sedimentation takes place The 
impure starch is drawn out through a cock at the bottom of the cone and clear 
water issues from the top. The impure starch is then treated with dilute alkali, 
to remove fat and albuminoids, and is afterwards passed through the cones 
again, then thoroughly washed with water aud the liquor allowed to settle The 
sediment of starch is then cut into blocks and dried. 

Cassava Starch — The cassava root yields a starch of high value at a lower 
cost of production than maize. In manufacturing the starch (Archbold, J S.C /., 
1903, p. 64), the roots are washed with water in an inclined trough (fig 1 92) in which 
an Archimedean screw continuously revolves, the roots entering at the lower 
end and being earned up by the screw 
against a descending stream of water. 

The washed roots are then mechanically 
transferred to a grater, consisting of an 
.upright cylinder with three compartments 
jirovidcd with saw-likc teeth The roots 
leave the grater iii the form of a pulj) 
aud fall into a conical iron separator, in 
which the pulp meets an upward flowing 
stream of water, which carncs the light 
starch with it through a wire gauze dia- 
phragm 111 the upper part of the separator. 

The milky fluid containing starch in sus- 
pension now passes into settling cones, 
which it enters at the bottom. As it 
rises, owing to the decreasing velocity 
caused by the increasing section, the 
action jiartly causes the starch to gradu- 
ally settle, and only water flows from 
the top of the cone (see fig. 190). The 
impure starch is withdrawn through a 
cock at the bottom of the cone and is 
treated with alkali, after which it is 
passed through shakers, and once more Fig 193 

through the separating cones The pun- 

fied liquor then passes into tanks, where it is allowed to settle, the bulk of 
the water is removed from the sediment by means of a vacuum pump, after 
which the mass is cut into blocks and dned in the same way as maize starch. 

Potato Starch — The potatoes arc washed in a similar way to the cassava 
root and pulped in a rasper, which makes about 600 revolutions per minute, as 
shown in the figure (fig. 193;. 

The pulp from the rasper passes to a separator, consisting of a trough, the 
bottom of which is made of wire gauze of ,f\j-inch mesh The trough is inclined 
and IS continually shaken The pulp enters at the toji of the plane and is gradually 
shaken to the bottom, being subjected ail the time to jets of water from a senes of 
taps placed above the troughs. The starch passes through the gauze and is received 
in large tanks, where it is allowed to settle. The sediment is placed in a second 
tank provided with a revolving stirrer, where it is mixed with water and again 
allow^ to settle. As it settles it separates mto two layers, the lower containing the 
pure starch The upper layer is rewashed aud the lower one taken at once to the 





670 


BLEAOHINO AKD BTHISHINO 07 OOTTOB. 


drying tables and subsequently to the kilns heated by steam coils The kiln 
contains a number of platforms above one another, and is heated by a current 
of air which passes over steam coils placed beneath the lowest platform. Before 
passing the steam coils, the air passes over cold-water pipes, where it deposits 
most of the moisture. With the exception of the bottom one, the platforms 
are ])rovided with slits through which the starch can be raked on to the next 
till it reaches the bottom one. The starch is placed on trays and is put in at 
the top ; after a time it is raked through the spaces and fulls on to trays on the 
second platform, and so on, tiU it reaches the bottom, where it is withdrawn. 
This arrangement ensures that the wetter the starch is, the lower the temperature 
of drying Thus, when the starch reaches the bottom floor it has already lost 
must of the water, and there is no lunger any danger of gelatimsation 

Properties of Starch. — Pure starch is a white, odourless, tasteless powder 
consisting of granules of defimte size and structure. It is insoluble in cold water 
and m all organic solvents When it is ground with a pestle and mortar for 
some time, particularly in the presence of fine sand, the granules become broken 
down, and a variety of “ soluble starch ” is produced which is slightly soluble in 
cold water. Air-dry starch contains about 18 per cent, of water corresponding 
to a hydrate of the composition C'jHmOj 211^0 Its specific gravity varies from 
1-620 to 1-648 

This hydrate parts readily with one molecule of water, forming a mono- 
hydrate, PjHjflOjHjO, corresponding to a water content of 10 per cent The 
monohydrute becomes dehydrated at 100° C or at a lower temperature iH vacuo. 
Commercial starches contain, as a rule, from 10 to 14 per cent, of water. Pro- 
longed drying i« vacuo, or by means of a dehydrating agent, causes a gradual 
increase in the solubility in cold water, owing probably to conversion of the 
starch into dextrin. 

The change from hydrated to anhydrous starch is accompanied by a consider- 
able increase in its stiffening power If a paste be made with ordinary hydrated 
starch and with an eqmvalent quantity of the same after drying, it will be found 
that the latter has a greater stiffening power even after allowing for the water 
which has been lost during drying 

The Action of Heat. — ^When starch is heated to a temperature of about 
210° C it IS changed slowly into, first, “ soluble ” starch, and then into dextrin 
This change is accompanied by the production of a yellow or brownish colour 
If the temperature be raised above 210° C. decomposition takes place and the 
starch is charred. At still higher temperatures, in the presence of air, the starch 
Ignites and burns with a luminous flame 

The Action of Water. — When starch is mixed with cold water and the 
mixture is heated, graduaUy, with stirring, it thickens, and, if the heating is 
continued, changes into a semi-transxiarent paste or jelly. At the point of 
thickening, the starch granules will be found to have swollen up to a large size 
As the temperature is raised, the swollen granules burst and their contents form 
a colloidal solution with the water The starch is now said to have “ gelatinised.” 
When the gelatinised starch is heated for some time, at a temperature of 100° C , 
it becomes clear and transparent. If excess of water be present it forms a viscous 
colloidal solution , if only a comparatively small amount of water be present a 
clear jelly or a viscous liquid is formed. When this hot colloidal solution cools, 
the mixture sets to a gel known as “ starch paste.” 

The temperature at which gelatimsation takes place varies with the nature 
of the starch. The following table gives the gelatinising temperatures of some 
commercial samples . — 
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Potato starch 


. 66“ C. 

Wheat starch 


. 70“ C. 

Maize starch . 


70“ C. 

Rice starch . 


76“ G 

Tapioca starch 


76“ C 

Sago . 

• 

72“ C. 


Different kindn of starch not only have difTerent temperatures of gelatimsation, 
but, also, varying capacities for taking up water Thus, potato starch gives a 
much stiver paste than sago under the same conditions. But, for a particular 
starch, the quantity of water required to make a paste or jelly of a given con- 
sistency is fairly constant. 

The use of starch in the textile industries depends entirely upon its power 
of forming colloidal solutions when heated with water Starch diflers, however, 
in some respects from other colloids As a rule, the viscosity of a colloidal 
solution increases, with time, up to a certain maximum Starch paste or gel, 
when made with water alone, acts diflerently. The viscosities of its solutions 
vary with the origin of the starch, but are approximately constant for the same 
starch MacNider {J. Ind. and Eng Chan, 1912, p 417) gives the following 
values for solutions containing 12 grammes in 3U c c of water — 


Potato starch 
Maize starch 
Cassava starch 
Wheat starch 
Rico starch 


14 31 

2 49 to 2 86 

3 88 to 3 97 
1 24 to 1 26 
100 


But the Viscosity falls quickly if the solution bo kejit Stocks {First Report 
on CoUoidal Chamstry, p 47) prepared a 2 per cent solution of potato starch 
Taking the viscosity of water as unity, the starch solution gave the following 
figures — 


Freshly prepared solution 

100 7 

After 6 mmutes . 

96 3 

After 40 mmutes 

19 3 

After 18 hours 

1 3 


This decrease in viscosity is accompanied by a gradual deposition of insoluble 
starch, and the separation of a clear hquid layer containing soluble starch and 
capable of being filtered In fact, a starch jiaste or gel always changes, on stand- 
ing, into two portions, viz (1) a liquid portion containing little starch, and (2) a 
solid portion containing more starch and less water. This change is termed 
coagulation It can be controlled or inhibited by various chemical means In 
general, acids tend to cause coagulation, and alkalis the reverse effect That is, 
it depends upon hydrogen-ion and hydroxyl-ion concentrations 

Since any particular starch behaves consistently when heated with water, 
its quality may be judged from this property For this purpose 5 grammes of 
the starch are made into a cream with a little cold water and poured, with con- 
stant stirring, into KK) c c. of boiling water. The paste is then allowed to cool, 
and the weight it will bear without breaking is measured. An instrument 
suitable for this purpose is shown in fig. 195. The weight of this is, of course, 
fixed The rounded end is supported vertically upon the paste, and shot is poured 
into the cup till the end either breaks the surface or sinks to a given mark. The 
shot IS then weighed and added to the weight of the instrument. 

For the wme starch the stiffening power really depends upon the complete- 
ness of gelatinisation. If for any reason the granides do not burst and gelatimse. 
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loss of stiffening power results Harrison {J. Soc Dyers and Col , 1911, p. 84) 
makes use of this fact to determine the stiffemng power in the following manner 
One gramme of the starch is suspended in 100 c c of cold water and heated, with 
careful stirring, to <i temperature just above its gelatinising point The mixture 
is then tooled and i entnfugahaed in a tube graduated to one tenth of a cubic 
centimetre The ungelatinised granules are thus separated, and their volume 
is inversely jiroportioiial to the stiffening power of the starch 

Prolonged lioiling of start h with water, or heating of a starch jelly to 100“ C , 
changes it gradually into a modihcation known as soluble starch which, although 
colloidal, has no longer the power of setting when its solutions arc cooled Starch 
paste IS said to become ‘ thin ” when heated with water, and the longer it is 
heated the thinner it becomes Naturally this change is accelerated by raising 
the temperature above 100“ C 

Harrison and others have succeeded in prejiaring starch almost free from 
mineral matter b) repeated freezing of its solutions This stall h formed only 
a heterogeni ous mixture vitli water, even when heated, and on standing settled 
out rapidly This appears to indicate that colloidal solutions arc only formed 
in the presence of electrolytes 

Staicli IS jirecipitated from its aijueous solution bv alcohol, or an aiumoniaial 
solution of lead acetate, or by formaldehyde Tannic acid gives a white jire 
cijutate which dissolves on warming, but again appears on cooling If a solution 
of starch be saturated with barium hvdroxide the caibohydrate is completely 
piec ipitated as an insoluble adsorjition < ompound 

The Action of Alkalis on Starch. — Alkabs ait ujion starch in four 
ways 

1 They lower the tenijicrature of gelatinis<ition 

2 They inhibit oi retard the coagulation of starch solutions 

3 They convert starch into the soluble form 

4 They arc adsoibed, forming unstable compounds, some of which are in 
soluble in water 

The degree and rate of action depends largely ujion the hydroxyl ion con 
ccntration, ic strong alkalis, such as scKlium hydroxide, which base a high 
hydroxyl ion concentration, aie much more active th wi weak alkalis, such as 
borax, with a smaller hydroxyl lou concentration 

The strong alkalis gelatinise starch at ordinary temperatures If potato 
staich, for examjile, be stirred into a cold 1 per cent solution of sodium hydroxide, 
the mixture quu kly becomes thick and ultimate!) swells uj> to a c lear trauspaieut 
jell) The rapidity and lompletencss of the gclatinisation is directly propor 
tioiial to the c one ciitration of the solution of sodium hydroxide up to a maximum 
of 2 5 jier cent If the temperature bo raised, the cjuautitv of alkali necessary 
to cause gelatmisation is decreased till at 100“ C even traces are sufficient to 
produce a considerable effect Alkalis are said to thicken” starch paste 
just as boiling “ thins ” it 

A^hen a small iiuantity of sodium hydroxide is added to a starch solution, 
it not onlv causes it to thicken, but it tends to make the paste or solution more 
permanent, i c to retard the rate of separation into liijuid and solid fractions 

Whether or not a starch jelly is formed depends upon the proportions of 
water and starch present If a little starch be used and suftcient sodium 
hydroxide, a \ iscous solution is formed When equal quantities of the different 
sterches are dissolved in the same strength of sodium-hydroxide solution, it will 
be found that the solutions have different viscosities The viscosity of the same 
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starch is, however, constant under the same conditions. Ermen has proposed 
to base a method for the testing of commercial starches upon this fact 

Ermen’s method {The Materiah used in Sizing, p 8) is as follows 3'5 
grammes of starch are washed into a 250 c.c graduated flask with the aid of 
230 c c of cold distilled water , 15 c c. of accurately standardised 10 per cent 
sodium hydroxide are then run in rapidly from a burette and the flask is filled 
up to the mark with distilled water It is then shaken gently and continuously 
until the starch is dissolved, after which it is allowed to stand for twelve hours. 
The viscosity of the solution is then measured by means of a suitable viscosi- 
meter The tests must be earned out at a standard temperature, as the viscosity 
of a solution varies with its fem^ierature 

If starch be heated for some time with a solution of sodium hydroxide it is 
converted slowly into a mixture of soluble starch and dextrin, this change being 
accompanied by the production of a brown colour At the same time decom- 
position takes jilace Starch, soluble starch, dextrin, and other carbohydrates 
arc all decomposed by boiling with caustic alkalis, with the splitting off of 
acetic acid 

It IS probable that when starch is treated with a cold solution of sodium 
bi’droxide, an adsor|ition coin])ound Muiilar to alkali cellulose is formed, for in 
the prc.sence of carbon bisuljihide xaiithates similar to viscose in properties are 
formed 

When a .solution of starch in sodium hydroxide is treated with excess of 
alcohol, an amorjilious jirecipitate is priMliiced which contains starch and adsorbed 
alkali If the ]ircci]iitate be filtered off and dried at a low temperature it has 
nil alkaline reaction and swells uji, forming a paste with cold water, which is in 
every respect similar to a mixture of starch and potassium hydroxide. If the 
precijiitate be extracted, in a continuous extractoj, with boiling alcohol, the 
adsorbed alkali is gradually removed But, according to Tollens, deflnite 
chemical compounds are formed with sodium and potassium having the fonnulaD 
(’24 H,,q 0.2„K and ( 24 H,g() 2 oNa The hydroxides of barium, strontium, and 
calcium are also adsorbed, but the compounds formed are insoluble m water. 
Hence, when a solution of starch is treateil with excess of barium hydroxide it 
IS coinjiletelv proci]titatod The composition of the precipitate ajipeiirs to vary 
with the conditions of experiment Uextnn is not precipitated by barium 
hydroxide, and it may be separated from starch in dressing mixtures by taking 
advantage of this fact About 1 gramme of the starch is heated with a little 
water till comiiletelv gelatinised, 50 c c of a satiirateil solution of barium 
hydroxide added, and the mixture made up to 100 c c. and filtered An aliquot 
part of the filtrate is evajiorated to dryne.s.s in a weighed dish and the dry residue 
weighed The dish is then ignited and the ash weighed The difference between 
the two weighings gives the dextrin present m the volume of the filtrate 
taken Weak alkalis, such as ammonium hydroxide, sodium carbonate, ffnd 
borax, gelatinise starch only at high temperatures. They cause thickening 
even in small quantities, and are used for this purpose in dressing and sizing 
mixtures 

The action of alkalis upon starch is of considerable technical importance, 
since it forma the basis of the manufacture of vegetable glues. It may be used 
also for the preparation of dressing mixtures. The starch is made into a cream 
with cold water and stirred into a solution of sodium hydroxide. Or the sodium 
hydroxide is poured into a suspension of the starch After gelatinisation is 
completed, dilute acid is stirred into the mixture till its reaction is neutral to 
litmus-paper. In this way colourless transparent dressings may be obtained 
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o{ any desired consistency. Such mixtutes are more completely gelatinised 
than those prepared by merely heating starch with water. 

The Action of Salts. — Many metallic salts act on starch in the same way as 
alkahs, i e. depressing the temperature of gelatimsation. Concentrated solutions 
of zinc chloride, calcium chloride, and calcium nitrate dissolve starch at ordinary 
temperatures Even in small quantities they accelerate gelatimsation, and are 
used for this purpose in the preparation of adhesives. Thiocyanates and, in 
particular, calcium thiocyanate are particularly active, causing gelatimsation or 
solution at ordinary temperatures, according to the concentration 

AU salts which are hydrolysed m water promote gelatinisation. Alum and 
magnesium chlonde, which give acids when hydrolysed, are used in the pre- 
paration of both adhesives and dressings. Acid salts, such as sodium bifluoride 
or sodium hydrogen sulphate, act still more energetically. Pastes produced in 
this manner tend to coagulate on keeping or to become “ thin ” when heated. 

Salts which, when dissociated, give alkahne solutions, such as borax or sodium 
phosphate, act, of course, like weak solutions of caustic alkalis 

Neutral salts which are not hydrolysed by water have, as a rule, httle gelatin- 
ising action, but, in many ca.ses, they precipitate starch from its solutions, or 
inhibit its gelatimsation If a solution of starch be saturated with sodium 
sul]>hate the starch is completely precipitated. If a solution of sodium hydroxide 
be saturated with sodium sulphate and mixed with starch, the latter does not 
become gelatinised, although the granules are ruptured. If the starch be filtered 
off, dned at a low temperature, and neutralised by means of powdered oxalic 
acid or an alcoholic solution of any other acid, the dry product gelatinises com- 
pletely when mixed with cold water “ Cold water ” starch powders are made 
m this way It was mentioned above that a similar effect can be obtained by 
the prolonged grinding of starch with sand The action of all bodies which 
promote gelatimsation appears to be that of rupturing the starch granules A 
few examples of these preparations may be given. In Fr Pat 365834, 1906, 
the starch is stirred into a concentrated solution of sodium sulphate and sodium 
hydroxide is then added. The alkali is neutralised by an acid or a salt of 
ammonium or magnesium and the product dried at a low temperature Or 
alcoholic sodium hydroxide is used (Eng Pat 5574, 1904), or organic liquids, 
such as jiaraffin or carbon tetrachloride In a more recent patent process 
[J.S C 1 , 1922, 724a) the starch is treated with concentrated alkali hydroxide 
below 0° C so that no paste is formed, and the quantity of alkali hydroxide is 
so regulated that, on allowing the temperature to rise, the reaction which takes 
place causes the disrujition of the starch granules without gelatimsation It is 
not necessary to susjieiid the starch m water-repelling liquids before treating it 
with the alkali hydroxide The product can be used with advantage in the 
textile industry for finishing, as a thickemng agent in calico printing, as a size, 
or'foT wall-pa])enng The Arabol Co use the following process . One hundred 
parts of dry farina arc mixed with 80 parts of a 50 per cent, solution of ammonium 
thiocyanate to which 40 parts of alcohol have been added, and a little sodium 
sulphite to prevent iron discoloration The starch is then washed with alcohol 
or acetone till free from thiocyanate 

The Action of Formaldehyde. — ^If starch be allowed to stand for some 
days in contact with formalin, an opalescent liqmd is produced from which the 
stuoh can be precipitated unchang^ by means of alcohol. A similar result is 
produced by digesting starch with small quantities of formaldehyde at a higher 
temperature. The formaldehyde does not combine with the starch, but appears 
,, to act as a catalytic agent. The solution of starch in formaldehyde does not 
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give the characteristic blue colour with iodine, though it regains this power 
when ammonium acetate is added to the solution. But if starch be heated with 
formaldehyde at a low temperature below its point of gelatinisation and then 
dried, the resulting product, although it swells up when mixed with water, cannot 
be gelatimsed This action is more complete when an ammonium salt is added 
m the proportions necessary to form hexamethylenetetramine, e 5 ^ 5 to 10 per 
cent of formaldehyde and 6 to 11 per cent, of ammonium chloride. 

The Action of Acids.- — The first action of acids upon starch is to change 
it into soluble starch and then into dextrin. Prolonged action of the acid then 
causes hydrolysis to take place, resulting in the formation of glucose. Thus, 
simplification of the molecule takes place, producing a substance with pro- 
gressively less marked colloidal properties, and becoming more soluble and 
diffusible. This is followed by hydrolysis to non-colloidal readily diffusible 
glucose — 

(CjHjoO5)n->’(C(Hj0O5)n'->-(CjHijO5)„' 

starch soluble dextrm 

starch 

(C«H,„ 05 )„-h«"H, 0 =n"(CeHi» 0 ,) 

glucose 

The rate at which these changes take place depends upon the hydrogen-ion 
concentration of the acid used, the quantity present, and the temperature of the 
reaction Thus, cold concentrated hydrochloric arid dissolves starch, immedi- 
ately forming a clear jelly If this be diluted with water quickly and treated 
with excess of alcohol, soluble starch is precipitated If the mixture be allowed 
to stand for a short time before adding alcohol, the precipitate will be found 
to contain dextrin, which increases gradually in quantity while the starch 
decreases Rut, at the same time, the dextrin undergoes hydrolysis, and finally 
only glucose is present Pure dextrin may be made by dissolving starch in 
moderately concentrated sulphuric acid, neutralising the acid quickly with 
alkali and adding excess of alcohol The different products of the reaction may 
be separated by using suitable concentrations of acid and controlling the tem- 
perature Thus, when starch is mixed with a cold 10 per cent solution of 
hydrochloric acid and allowed to stand for some davs it is converted almost 
quantitatively into soluble starch, which can be separated by filtration and 
purified by repeated washing with water Still more dilute acid (e g \ per cent ) 
will bring about the same change at the boiling-point, but, in this case, the 
starch is dissolved and must be precipitated, after careful neutralisation of the 
acid, by means of alcohol At temperatures above the boihng-jioint, so small 
a concentration of acid as 0‘05 per cent is sufficient to convert starch into 
soluble starch But, in all cases where the mixture is heateil, dextrm and glucose 
are also produced— that is, all the reactions proceed simultaneously. 

When starch is boiled for some hours with a dilute acid glucose is the chief 
product, but some unchanged dextrm may be present as in commercial starch 
syrup If starch be treated with small quantities of acid, dned, and heated to 
a temperature of about 200 ° C , it is converted chiefly into dextrin, together 
with small proportions of soluble starch and glucose. Soluble starches, dextrins, 
and “ thin ” starches are made in this way. 

The nature of the end-products as well as the velocity of inversion is de- 
pendent to a great extent upon the hydrogen-ion concentration of the acid 
used. Hydrochloric and sulphuric acids act rapidly. Similarly, among organic 
acids, chloracetic and the snlphonio acids change starch rapidly into solnUe 
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starch and dextnn at the boilmg-pomt. But moat of the organic acids, owing 
to their low hydrogen-ion concentration, are comparatively inactive. 

Nitric and acta m the same way as with cotton, giving nitro compounds, and 
if the time of artion be prolonged or the mixture heated the starch is completely 
broken down, oxalic acid and other oxidation products being formed. 

Organic acids, such as acetic acid, also give nse to eaters, as they do with 
cellulose. Thus, acetic anhydride produces acetate of starch which is known 
commercially as “ feculose ” 

Peculose is of some importance It differs little in appearance from ordinary 
starch, and when boiled with water gives a clear homogeneous solution which 
does not set on cooling. It gives the usual blue colour with iodine, does not 
reduce Fehling solution, and is precipitated from its solutions by alcohol and 
such salts as sodium or magnesium sulphate It is used in confectionery and 
paper manufacture, and also for textile dressings Traquair (JSCI, 1909, 
p 291) says that since it is a true colloid it gives lustre, substance, and “ handle ” 
to cotton goods, while the clear film which it forms makes it specially u.seful 
for bright coloured goods. On light cottons where no softener is used, 1 lb of 
feculose per gallon is equal to from 3 to 4 of dextrin When used with ordinary 
starch it confers flexibility and cleamess on the finish, leaving the proportion of 
starch to be varied according to the degree of stiffness required 

The Action of Micro-organisms and Enzymes.— Stan h, unless perfectly 
dry, IS attacked readily by moulds, bacteria, and yeasts The ])roducts of this 
action vary with the micro-organism, but they include commonly such bodies 
as organic acids, soluble starch, dextrin, and sugar Many organisms produce 
coloured growths Thus, B menenterteus gives rise to a red colour when grown 
on starch paste, while moulds, black and pink Torida-, are also chromogenic 
Badly kcjit starches arc often acid in reaction, owing to decomposition by acid- 
forming organisms, and consequently become ‘‘ thin ” when boiled The com- 
plete destruction of a starch dressing may result also from similar causes. Anti- 
septics, such as zinc chloride, are commonly included in starch dressings and 
sizes to inhibit the growth of micro-organisms These will be described later. 
Certain organisms, simh ns B inacfrartx and B s^ibfihx, are said to change starch 
completelv into dextrin When micro-organisms decompose starch tliev do so 
because they secrete an enzyme which acts as a catalytic agent (see Chapter X ) 
Thus, bacterial action is really enzymitic in nature 

There are, however, many enzymes not associated with micro-organisms, 
which are able to decomjiose starch These include amylase, which is present 
in the saliva and pancreatic juice of animals, and diastase, which occurs m 
germinating grain and other veget.able tissues, and also is secreted by micro- 
organisms. The action of diastase on starch is very important in bleaching. 
It IS prepared by extracting green or air-dned malt with dilute spirit, filtering, 
and adding an excess of alcohol to the filtrate The jirecipitate which is formed 
contains the dia,sfase, together with other bodies It is redissolved in dilute 
spirit, the solution filtered and again treated with alcohol The crude enzyme 
is filtered off, dissolved in water and dialysed Enzymes, being colloids, are 
thus separated from the accompanying diffusible impurities After dialysis the 
dia8ta,se is again thrown down by alcohol, filtered off, and dried at a low tempera- 
ture It IS a white amorphous powder, soluble in water, of which a very small 
quantitv can liquefy a very large amount of starch 

In textile processes malt extract is generally used instead of diastase This 
is made by extracting green malt with cold water and filtering the mixture. 
The filtrate is evaporated to a thick syrup at a low temperature and under 
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reduced pressure. The extract contains all the diastase of the original malt. 
Diastase has no action on ungelatinised starch in the cold but dissolves it if 
previously gelatinised, or if the starch granules are ruptured by any other means. 
But when starch is mixed with water and digested with diastase at a temperature 
of from 65° to 70° C , the reaction of the mixture being either neutral or faintly 
acid, it IS changed rapidly into soluble starch and then into a mixture of maltose 
and dextrin. These changes take place simultaneously, and the relative pro- 
portions of the two final products depend upon the conditions of the reaction. 
The action of the enzyme becomes restricted at temperatures between 65° and 
70° C , and at about 80° C is permanently destroyed, i e on cooling the mixture 
it does not again become active. Its activity is destroyed also by even traces 
of alkali 

According to O’Sullivan, the change takes place in accordance with one of 
three general equations, with sufficient time for completion At temperatures 
up to 60° t’ the chief product is maltose, m accordance with the equation 

(1 ) 6Cj2H2oOjo-(-4HjO=4Cj2Hj20jj-|-2CjgH2()0|o. 

mftlfrtsc* (lextiin 

At 66° 0 the proportion of dextrin is increased, as shown by the equation 

(2) 6('i2H2oOio-^2H20-2Ci2H2202i+4C,2H2„0,„. 

At a temperature of 70° C a still greater projiortion of dextrin is obtained- - 

(3) 6(’j2lIaoOio"l HgO^CijlIgaOjj-l-SCjgHgiiOjD 

If malt extract bo heated to 67° C for a few minutes and then cooled to 60° C. 
Its action ujion gelatinised starch is that of equation (2) and not (1) Similarly, 
if heated to 75° C' and then added to .starch at 68° C the products are those of 
equation (3) These points are of special interest in the production of thin 
starches and dextrins by means of diastase 

Diastatic ferments can be prepared also from cultures of many micro- 
organisms Thus, “ taka diastase ” is obtained from Aspergillus oryzee. It is 
extremely active, converting starch into a mixture of maltose and dextrose at a 
temperature of 38° (' Aspergillus viger produces a similar enzyme, while those 
of B sulilihs and B. marerans, as mentioned above, give chiefly dextrin end very 
little maltose 

Animal amylases are contained in the saliva and pancreatic juice The 
latter acts best in a faintly alkaline solution and is, unlike diastase, destroyed 
by acids 

These starch-dissolving ferments are made use of for clearing goods from 
starch before bleaching (Chapter XV.) Another important application is the 
preparation of dressings containing soluble starch and dextrin. “ Diastafor,” 
a well-known preparation, may be used for this purpose. The general method 
of preparation is as follows . — 

For each 25 lbs of potato starch from 4 to 8 ozs. of diastafor are dissolved 
in lukewarm water. The starch is mixed with water and the mixture heated 
to a temperature of 150° to 160° F. The diastafor is then added and the mixture 
kept well stirred at a temperature not. exceeding 160° F. until the desired con- 
sistency IS obtained. This usually takes from five to fifteen minutes The 
action of the enzyme is then stopped immediately, either by raising the tem- 
perature quickly to the boiling-point or by adding sufficient alkali to give the 
mixture an alkaline reaction to litmus paper. When starches other than potato 
are used, with comparatively high gelatinising points, they must be gelatinised 

37 
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and the mixture then cooled to from 150° to 160° F before adding the diastafor. 
The following examplen of dreeHings are given by Mesers R W Greef & Co — 

1 Dressings for Cotton Warps. — (1) Take 10 lbs potato starch, 10 
gallons water, 2| ozs diastafor Stir the starch with a little cold water, make 
into a paste with boiling water and cool to 160° F Add the diastafor dissolved 
m a little lukewarm water, and stir for ten to fifteen minutes until cleat and 
liquid Boll up 

The dressing is to be used warm, and may be conveniently made m a vessel 
provided with a meihanical stirrer and connected with the dressing machine by 
a pipe 

(2) 25 lbs potato starch ire sifted into 30 gallons boiling water and 1 lb 
glue, previously soaked overnight, added Thoroughly stir and add 2 lbs 
tallow (for heavy warps idso 2 lbs Japan wax), and boil up with constant 
stirring When thoroughly mixed, cool to 160° F , add 5 ozs diastafor, stir for 
ten minutes and again boil 

2 Dressing for Skeins. —To 15 gallons of boiling water add 6 lbs sire 
or 2 lbs gelatin Whilst boiling add 25 lbs potato starch suspended in 10 
gallons water Boil for a short time and cool whilst stirring to 160° F 
Then add 4 ors diastafor dissolved in 1 quart lukewarm water Stir well for 
ten minutes and boil up If to the hot mass 2 lbs melted beeswax be added 
gradually and well stirred in it inireascs tbe gloss and suppleness of the skeins 

3 Thick Dressings Dissolve 2 lbs diastafor in 25 gallons water at 104 F 
Add 60 lbs starch Raise the ttm|)eraturp to 160°F and stir until all the stinh 
has dissolved to a milky mass Boil ind .vllow to cool When cold add 55 lbs 
starch, stirring well, and raise to 212° F As soon as the miss has become p.isty 
and even, eool to 160° F again, add 2 lbs diastifor, stir well until clear and 
boil up 

4 Malto -dextrine Stock for Finishes. To make 40 gallons, make into a 
paste 200 lbs potato stardi and 24 gillons cold water Add V lbs diabtafor 
dissolved in 1 gallon wafer at 1(X)° F Tlioroughlv stir, raising the temperature 
to 160° F until the mass becomes thin in ibout ten to fifteen minutes, then^ 
raise to 21 2° F and make up to 40 gallons 

5 Calico Finish. — To 40 gallons malto dextnne stock add 2^ gallons 
softemng oil, | gallon crude glycerin ind 15 lbs Glauber salt (not for blacks) 

When making dressings with diastase it is important not to prolong the treat 
ment, since this me reases the proportion of dextrose This body not only has 
no stiffening power, but on the contrary is hygrosc opic, and gives goods a damp 
feci It IS liable also to become converted into earamel and thus cause dis- 
colorations 

The difficulty connected with the nse»of diastase in preparing dressing 
mixtures le to control the quantity of sugar produced Animal amylases give 
much less sugar and consequently a higher proportion of soluble starch or dextrin 
Thus, diastrol DS and DB, also known as fermasol D8 and DB, have a high 
liquefying power towards starch and produce very little sugar One part of 
the preparation liquefies from 25,000 to 30,000 parts of starch, producing no 
colour According to Tagliani (J Sac Dyers and Col , 1921, p 306) the addition 
of from 0 5 to 2 5 grammes of salt per litre assists the action A more recent 
preparation containing amylases is “ rapidase,” which can be used at com- 
paratively high temperatures and in the presence of an alkali such as sodium 
carbonate It is suitable both for removing starch from cotton goods and for 
making dressing mixtures of soluble starch and dextrin Three examples may 
be given 
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1. For a soft finish containing 1 in 6 of soluble starch. A vat is prepared 
with 30 gallons of water heated to 194“ F. In another vat above this 100 lbs. 
of starch are mixed with 20 gallons of cold water and 2 lbs of rapidase After 
nuxing well, the cream is run slowly into the lower vat, the temperature being 
kept at 194“ F for half an hour. The mixture is then heated to the boiling- 
point for from ten to fifteen minutes to stop the diastatic action. 

2 Stiff finish containing 1 in 4 of starch. The vat is prepared with 16 gallons 
of water heated to 193“ F. In the nuxing vat arc placed 150 lbs. of starch, 30 
gallons of cold water, and 1-5 lbs of rapidase. This is run slowly into the lower 
vat, the temperature of which is kept at 194“ F for half an hour and then raised 
to the boiling-point as before. 

3. If a very soft finish containing a large proportion of dextrin be required, 
the nuxing is carried out at 176“ to 185“ F. After half an hour the mixture is 
allowed to cool off for an hour or two It is tested periodically with iodine 
solution and, when no starch coloration la produced, raised to the boiling-point 
for a few minutes These reactions can only be brought about if the mixture is 
neutral or slightly alkaline Acid inhibits the action 

Action of Oxidising Agents. — Oxidising agents when used in com- 
parativelv small quantities convert starch into soluble starch Hypochlontes, 
chlorates, chlorine, permanganates, bichromiit«\s, persulphates, perborates, and 
sodium jieroxide are all used for this purpose, with or without the assistance of 
an oxygen carrier For example 

1. l!j(K) kg of fanna are mixed with 1000 litres of water and 300 to 400 
kg of a solution of sodium hypochlorite of 1-285 sp gr and allowed to stand 
for some hours The starch is then filtered off, washed with water, pressed, and 
dned 

2 Eng Pat 179765, 1921 100 kg of flour are mixed with 2-5 kg of 

ammonium persul])hate and 1 kg of ammonia solution (22“ Bd ) and allowed to 
stand for not le.ss than twenty-four hours 

3 25 kg of starch are treated at ordinary temperatures with 50 htres 
of a solution containing 2 to 4 grammes of potassium bichromate and 150 
grammes of sulphunc acid per litre. After some hours the starch is filtered off, 
washed with water, and dried at 30“ C. 
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The Identification of Starch. — Starch is detected by the fact that it forms 
a deep blue-coloured compound or solution when treated with a solution of iodine 
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in potas'-ium iodide If thiH reagent be added to starch powder the latter becomes 
almost black in colour If the starch be gelatinised and dissolved a deep blue 
colour IS j>roduced, or if excess of iodine be added, a blue precipitate If a 
suspension of starch in water be treated with iodine solution under the micro- 
scope, the deeply blue-coloured grains can be recognised easily The origin of 
a starch can be determined onlv by means of a microscopic examination and 
com])ari8on with known samples But this can only be done when the starch 
grains are intact When they have been gelatinised they have no longer their 
characteristic differences The table on p. 579 gives the charactenstics of the 
more important starches, and fig 194 illustrates the microscopic appearance of 
the granules 

The Estimation of one, two, or more different Starches in Mixture. 

— This can only be done approximately. Several slides are made and examined 


a bed 



Flo 1514 —Stvuh Kranuk'R from (n) barley , (*) wheat ; (r) ncc , (if) maire , (r) potato , 
if) potato, in polatiKed light, X300 {after .Shrhni/) , (p) sago {nflct Danett) 

under the microscope The number of t 3 rpical granules of each kind is counted 
in several different fields of view Tnal mixtures of the two, containing known 
percentages of the starches, are made up and examined m the same way 
The results of the count are then comiiared with those of the sample. The 
following details are given in Allen’s Commercial Organic Analysis, vol i p 412, 
for ascertaining the proportions of barley or wheat in oatmeal — 

“ Genuine pearl-barley i.s ground finely in a mortar, and a senes of standards 
made by mixing the flour with definite proportions of genuine oatmeal Mixtures 
containing 5, 10, 15, 20, 30, and 40 per cent of barley respectively will be 
found convenient in practice The sample of oatmeal is thoroughly mixed, and 
O-I gramme weighed out and ground in an agate mortar with a little water 
When the mixture is perfectly smooth it is rinsed into a small conical glass and 
diluted with water to 10 c c. Two of the standard mixtures (say the 10 and 20 
per cent mixtures) are then treated in a precisely similar manner A drop of 
the sample and one of each of the standard are then placed on glass slides and 
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covered with thin covers. Care must be taken that the starches and water are 
thoroughly agitated, so that the drops taken shall be representative, and it is 
important that the drops themselves shall be of exactly the same size. These 
conditions are best ensured by immersmg in the liquid a short piece of glass 
tube drawn out to a fine point, blowing down it so as to mix the sample thoroughly 
by means of the air-bubbles expelled, and then allowing a drop of the liquid to 
fall from the orifice on to the glass shde The same tube is then employed to 
take drops of the standard mixtures. The cover glasses must all be of equal 
size, and sufficiently large to take up the whole of the drop, as none of the liquid 
must be removed. The slides having been prepared, the number of barley gran- 
ules visible in twelve successive fields is noted. The standards are then similarly 
observed, the operation being repeated until a standard mixture is found, the 
barley granules in twelve fields of which are equal, or nearly equal, to those 
counted in the sample The projiortion of wheat or barley in the sample will 
then be approximately the same as that in the standard it agrees with ” 

Commercial Starches. — The most important are wheat, potato, and maize 
starches. Potato starch is generally known as farina , maize starch being termed 
simply “ starch ” or corn starch. Sago, tapioca, and cassava starches are used 
chiefly in sizing, rice starch, though employed largely lu laundry work, finds 
little ajiplication in finishing Wheat starch gives a somewhat thin paste with 
considerable penetrating power. It enters into intimate association with the 
cloth, luqiarting to it a feehng of increased thickness, leaving the surface with 
a smooth feel and brightened appearance The latter qualities are developed 
considerably by the operations of beetling and calendering, and in this way a 
high degree of glaze can be produced The binding properties of wheat starch 
are also well marked Maize starch possesses properties very similar to those of 
wheat starch, but gives a thicker paste which requires more boiling It im|>irts 
a firm feel to the goods It is also a binding agent, and is capable of taking a high 
degree of glaze Cassava, though a root starch, is very similar to maize, which it is 
to some extent replacing Farina or potato starch produces a thick ])aste, which 
for thick “ makings ” is of importance. It gives cloth a thick, smooth feel, with 
dull or rough surface effects Its capacity for holding tilling materials is some 
20 per cent less than that of maize starch, but the properties of different starches 
can be blended, and by using mixtures in suitable proportions a desired result 
may be obtained A dress of potato starch is rather liable to turn off on keeping. 

Tapioca starch gives a medium thick paste which penetrates well but has 
less binding power than either wheat, maize, or farina. It gives a transparent 
film when dried, with a soft feel It is useful for light goods or those with bnght 
coloured borders. Sago starch or flour gives a thin but very adhc.sive paste, 
which will stand a considerable amount of boiling without losing its strength 
It penetrates well, and imparts considerable tensile strength to yarns. It is 
used chiefly for sizing Examples of the use of the different starches are 
given under “ Processes” (Chajiter XXVII ) 

A good sample of starch should not contain much more than It) per cent, of 
water Damp starches are often mouldy or sour. When mixed with distilled 
water, the reaction of starch should be neutral or very faintly alkaline Acidity 
may be due to fermentation, but, also, to the presence of acid used in the manu- 
facture, or a bleaching agent such as sulphurous acid If a cold aqueous extract 
of a starch decolorises centmormal iodine solution it may contain free sulphurous 
acid. Sometimes a starch, which appears to be of a good colour in mass, will 
show unevenness when spread out in a thin layer. This may be due to over- 
heating in drpng or to tiie presence of impurities. Starches made by the 



582 


BLBAOHIKQ AND ITNISHINO OF COTTON. 


fermentation process are often of poor colour. The white colour should not 
change when the starch is moistened with dilute acid or sodium carbonate, nor 
should it give any colour to water or spint. Any changes observed would 
indicate the presence of blueing agents for the purpose of improving a naturally 
poor colour Well -prepared starches should be practically free from mtrogen, 
or, at any rate, contain only traces (c 0 1 per cent ). Wheat starches and 
others, if made by fermentation processes, contain sometimes distinct quantities 
of nitrogenous compounds. These indicate incomplete removal of the original 
impurities. Such starches rarely keep well, since the nitrogenous constituents 
serve as good food material for moulds and putrefactive organisms. The per- 
centage of ash in starch is very small, and it contains only traces of matter 
soluble in cold water 

The following table illustrates these points — 



1. 

2 

3 

Water 

10 SO 

13 00 

10 60 

Ash 

0 25 

0 06 

020 

Soluble matter 

050 

0 25 

ti ai'cs 

Starch 

88 76 

80 70 

80 30 

Acidity calculated as suliihuiic acid 

0 07 

000 

000 


Sample No 1 gave a blue ash, indicating the presence of smalt It contained 
also ()-23 per cent, of nitrogen The goods dressed with it had developed mould 
on storing Sanijde No 2 is a good one, while No 3 contains an excess of 
moisture 

The Analysis of Commercial Starches. — MvuAwe — Five grammes are 
dried m a flat dish at 100° to 105° C. till no further loss of weight occurs 

Mineral Matter of Ash . — This is determined by igniting about 5 grammes in 
a ])latinum dish till it is completely burnt 

Matter Soluble in Water — Five grammes of the starch are ground into a 
cream with a little distilled water and washed into a 250 c c flask and made 
up to the mark with cold distilled water The flask is allowed to stand, with 
occasional shaking, for about six hours. The contents are then filtered. The 
soluble matter in the filtrate is determined by evaporating a measured volume 
to dryness on the water-bath and weighing the dried residue. Good starches 
contain practically no soluble matter Another portion of the filtrate is tested 
for acid or alkah and the quantity titrated if present The appearance of the 
soluble residue should be noted after drying If it is brown or black the starch 
is likely to lose its colour on storing, and should be regarded with suspicion. 

Starch — ^The sum of the moisture, ash, and soluble matter deducted from 100 
gives approximately the percentage of starch present 

When a direct determiiiatiou is required one of the following methods may 
be used . — 

1 Two grammes of the sample are boiled with 2 per cent sulphuric acid 
under an inverted condenser till the solution no longer gives a blue colour with 
iodine About six hoars’ boiling is generally necessary The liquid is then 
cooled, made faintly alkaline with sodium hydroxide, and diluted to a known 
volume. The detxtrose produced by hydrolysis is estimated by means of Fehling 
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solution in the manner described already, and its equivalent of starch calculated. 
Or the weight of cuprous oxide multiplied by 0’4171 gives starch directly. 

2 Von Felknberg’s Method {J.S C.I., 1917, p 936). — From 0-3 to 1 gramme 
of finely ground fat-free material is moistened with water and mixed with 20 c.c. 
of 50 per cent, calcium-chlonde solution. The mixture is heated in boihng 
water for thirty minutes to dissolve the starch It is then cooled, made up to 
100 c c , and filtered or centrifugalised. Fifty c c. of the filtrate are tested 
with N/50 iodine solution till a floceulent precipitate is obtained, but avoiding a 
large excess of lihe reagent After standing twenty-four hours a little asbestos 
pulp IS added, and the mixture is filtered through an asbestos mat on a Gooch 
crucible. The precipitate is washed four times with 50 per cent calcium-chlonde 
solution containing a little iodine, and then with 00, 85, and 95 per cent, alcohol 
successively The crucible is then dried and weighed It is then ignited and 
weighed again The difierence between the two weights gives the amount of 
starch present. 

3 Polanmdrvi Betenmnatvm o/ Starch — In Lmtner’s method { J .S.C I., 
1907, p 281 ) 5 grammes of the starch are ground to a smooth paste in a mortar 
with ^ 0 c of water, 40 c c of hydrochloric acid (sp gr 1‘19) are then added, 
and the mixture allowed to stand for thirty minutes to dissolve the starch. 
It IS then washed into a 200 c c flask with hydrochloric acid of 1-125 sp. gr. 
Proteins, if present, are precipitated by adding 10 c.c. of a 4 per cent, solution 
of phosphotungstic acid The mixture is then made up to 200 c c. with the 
diluted hydrochloric acid, shaken, and filtered. The rotation of the filtrate is 
measured in a 200 mm tube 

The starch is calculated from the formula ai,~200'3 for barley starch 

Ewers (Analyst, 1908, p. 101) uses a somewhat difierent polarimetnc method 
of estimation, which he carries out as follows — 

“ Place 25 c.c of glacial acetic acid in a 200 c c flask without wetting the neck. 
Introduce 10 gramme.s of the substance, close the flask, and shake vigorously till 
the mixture is uniform Wash down the stopper and neck of the flask with 
25 c c of glacial acetic acid. Heat the flask in boihng water for ten minutes 
Then add 10 c c of dilute hydrochloric acid (10 c c. of the 25 j>er cent acid per 
UK) c c ) and heat in the water-bath for exactly six minutes, shaking round every 
minute Add hot water to 180 c.c and leave for a further ten minutes m boiling 
water Cool to 20° C and add 2 to 3 c.c. of saturated potassium-ferrocyamde 
solution, dilute to 200 c c., filter and polarise. If the filtrate be not clear use 
a little zinc sulphate A blank experiment is then carried out as follows . Five 
grammes of the substance are placed m a 100 c c flask with 70 c c of water at 
50° C (for potato, 35° C.) and mixed by shaking, Digest at 48° to 50° C. for 
half an hour (potato at ordinary temperatures). Add 25 c c of glacial acetic 
acid and continue digestion at the same temperature for half an hour (potato, 
fifteen minutes) Then bring temperature to 20° C , add ferrocyanide as before, 
dilute to 100 c.c , filter and polarise The sjiecific rotatory power of starch at 
20° C at 5 per cent, concentration under these conditions is ” — 

Wheat ijtacch-|-lS3 tS2 
Rice starch -fl80 07 
Maize starch -j-184 19 
Potato starch -(-186 46 

A simpler process is that of Wenglem (J SC 1 , 1908, p. 238). Five grammes 
of the sample are made into a uniform paste with 20 c c of water m a mortar 
and 40 c.c. of sulphuric acid (sp gr 1-70) are stirred in. The liquefied mixture 
IS transferred to a 200 c.c. flask after standmg for fifteen minutes. The mortar 
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is washed out with sulphuric acid (sp. gi. 1‘30) Ten c.c of a 4 per cent, solution 
of phosphotungstic acid are then added and the contents of the flask are made 
up to the mark with water, mixed, and filtered. When the filtrate comes through 
clear it is collected and polarised The factor aD=191‘7 is used for calculating 
the starch 

Thorne and Jeffers’ modification of Lintner’s process (Analyst, 1909, p 332) 
is recommended by Baker, and the method is described in the Reports to the Local 
Government Board on public health and medical subjects (New Senes, No. 80). 
For the estimation of starch, 5 grammes of the substance are groUnd in a mortar 
with 10 to 15 r c of water, followed by 15 to 20 c c of hydrochloric acid of 
sp. gr 1'15 added in quantities of 5 cc at a time The starch quickly forms 
a viscous mass, whuh in the course of a few minutes becomes thin After 
standing half an hour, the mixture is transferred to a 200 c c flask containing 
10 c c. of a 4 per cent solution of phosphotungstic acid and- 20 c c of hydro- 
chloric acid of sp gr 1 15 The mortar is washed out with hydrochloric acid 
of 1*1 sp gr and the contents of the flask made up to the mark with acid of the 
same strength After being well shaken and again allowed to stand for at least 
half an hour, the liquid is filtered and jiolarised m a 200 mm tulife at 20° C , 
with a Schmidt and Haensch scale and a white light The percentage of starch 
(P) IS calculated from the reading (R) by the formula 

11 -6 

This formula involves the assunqition that soluble starch has a specific rotatory 
])ower of 4 2(K), a value probably somewhat too high. 

4 Tala iviatase converts starch completely into maltose and dextrose at a 
temperature of 38° (1 This reaction may be made use of for the determination 
of starch (Revis and Burnett, Analyst, 1915, p. 429) Five gramines of the 
substance are stirred with 50 c c of 10 per cent alcohol (by volume) and filtered 
under pressure The re.sidue is washed twice with 50 c c of 10 per cent alcohol, 
and finally with 10 c c of 95 per cent alcohol The starch is transferred 
to a 250 c c flask with about 1^ c c of boiling water and well nuxed. The 
flask is then placed in boihng water with constant shaking fur fifteen minutes 
to gelatinise the starch. After coobng to 38° (’ , 0-05 gramme of taka diastase, 
rubbed up with a little water, and 2 c c of toluene are added. The flask is shaken, 
closed, and kejit at 38° C for from twenty-four to thirty-six hours, shaking at 
intervals The action of the diasta.se is inhibited by adding 10 c.c, of N/10 
sodium hydroxide The flask is cooled to 15° C and about 100 c c of water are 
add'-d, and then 10 c c of acid mercuric nitrate solution run in on the surface, 
followed by sufficient water to bring the volume of the liquid to the mark 
below the toluene. The contents of the flask are then mixed and filtered. To 
100 c c of the filtrate, which should be perfectly bnght and colourless, carefully 
measured into a flask, is added 0-5 gramme of sodium phosphate, NagHPO«.12HjO, 
and after this has dissolved, 10 c.c. of sodium-hydroxide solution with agita- 
tion The contents of the flask ate nuxed and filtered, and the gravimetric 
copper reduction and polariinetric reading of the filtrate are determined The 
mercuric nitrate solution is made by dissolving mercuric oxide in twice its 
weight of nitnc acid (sp. gr. 1*42) and diluting with five times its volume 
of water. 

A simpler method of using taka diastase is that of Davis (J.S C.I., 1916, 
p. 207). The starch is first extracted with 80 per cent alcohol to dissolve sugar, 
and then with cold water to remove gum. Two grammes are then heated with 
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200 c.c. of water till completely gelatimsed. The mixture is then cooled to 
38® C , 0-1 gramme of taka diastase and 2 c o of toluene are added, after which 
the mixture is digested at 38° C fur twenty-four hours. It is then heated to 
100° C and filtered into a 500 c c flask and the filter washed until the filtrate 
measures 475 c c Lead acetate is added, and the volume is made up to 500 c c 
and filtered The lead is precipitated in 100 c c of the filtrate with sodium 
carbonate, after which the volume is made up to 110 c.c The liquid is then 
filtered and the sugar estimated as above 

Determination of the Viscosity of a Starch Solution.- Ermeu’s method 
of testing starches has been mentioned on p .573 Archbutt’s viscometer is 
described under Glue Fur starch solutions, the falling sphere jirocess of Gibsop 
and Jacobs is more suitable (JSCI, 1920, 558a) 

A tube 29 cm long and 2 cm internal diameter is arranged vertically in a bath 
provided with a stirrer and thermometer The tube is divided into three 5 cm 
lengths for mea.suremcnt of the time of fall, and a further 5 cm above for the 
sphere to acquire uniform velocity The sphere is a steel ball, 0* 1 5 cm diameter, 
as used for ball-bearings, and it is introduced into the viscometer tube by 
means of a short length of glass tubing, 3 mm diameter, fixed by means of a 
rubber stopper and adjusted to di]) 3 cm below the surface of the liquid The 
following equation gives the viscosity — 

9ijS ( 1 4- 2-4a.) ( 1 d-3-3r/A )-= 2(?r2(R_ (7)T, 

where T is the tune of fall through a length, 8, r is the radius and s the density 
of the sphere, a the density of the liquid, » the ratio of the radius of the sphere 
to that of the viscometer tube, and h the height of the liquid. This equation 
reduces itself to 17— K(»— or)T, where K is the numerical constant involving 
all the corrections for the particular tube This constant having been found, 
either by the use of the first equation above or by exjierimeut with a liquid of 
known viscosity, determinations for other substances simply resolve themselves 
into determinations of a, ct, and T For castor oil at 20° C the value 17—9-888 
was found by this method, a figure in close agreement with Kablbaum and 
Raber’s value 

Soluble Starch (CgllmOg)^ — This modification of starch is the first product 
of the hydrolysis of ordinary starch, and it has the same percentage composition , 
but it IS probable that it has a smaller molecule, or forms smaller molecular 
aggregates 

The methods by which soluble starch can bo obtained have been indicated 
already, but they may be summarised briefly. They are — 

1 . By heating starch for a long tune at a temperature below that required to 
convert it into dextrin 

2. By heating starch with water under pressure 

3 By heating starch with small quantities of acids 

4 By treating starch with cold moderately dilute mineral acid, eg 10 per 
cent, hydrochlonc acid 

5 By treating starch with a cold solution of an oxidising agent. 

6. By treating starch with alkalis 

7. By treating starch with enzymes 

Soluble starch is prepared best by method (4) With nearly all the others 
both dextrin and dextrose are also produced. 

The powdered starch is soaked for some days, with occasional stirring, in a 
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cold 10 per cent, solution of hydrochloric or sulphuric acid tiU a sample, when 
washed and dissolved in hot water, does not set to a jelly on cooling. The acid 
is then drawn ofi and the starch is washed with water till free from acid. Sedi- 
mentation may be made use of, the starch being mixed with a considerable 
volume of water and then allowed to settle. Soluble starch may be made also by 
mixing starch with a dilute solution of an acid, eg. & 0-01 per cent, solution of 
hydrochloric acid, drying and heating the dry product for some time at a low 
temperature. A certain amount of dextrin and even dextrose is produced at the 
same time. 

As an example of another method Kantorowitz’s patent process (Eng Pat 
5844, 1896) may be mentioned Starch is gelatinised by a solution of sodium 
hydroxide The alkali is then carefully neutralised by a dilute acid and the 
neutralised solution is treated with magnesium sulphate to precipitate the 
starch. The precipitated starch is filtered ofi, pressed, and dried at a low tem- 
perature. Or, as mentioned above, if the starch be mixed with a strong solution 
of sodium sulphate before adding the alkali, swelling is prevented and precipi- 
tation unnecessary. 

Soluble starch is a white powdery substance with the same appearance as that 
of ordinary starch If made by a cold piocess it retains its granular structure, 
and 18 not easy to distinguish from ordinary starch by microscopic examination, 
except that some of the granules are always ruptured or the hilum fractured. 
When it 18 made by heating starch with chemical reagents, it loses its character- 
istic form and appears to be structureless Ordinary soluble- starch (except 
cold-water starch) does not swell nor di.S8olve m cold water, but dissolves 
readily in boiling water, forming a perfectly clear solution with a low viscosity 
coiujiared with that of a similar solution of the original starch When this 
solution is cooled it does not set to a paste or jelly hke ordinary starch, unless 
unchanged starch be also present. Thus, while a 10 per cent solution of ordinary 
starch gives a stiff paste, a solution of soluble starch of the same concentration 
remains liqmd when cooled But if the solution be allowed to stand for some 
time insoluble starch is gradually precipitated Soluble starch (Report on 
Colloidal Chenmtry, vol i p 51 ) usually contains a higher nuneral content than 
ordinary starch, namely, about 1-5 per cent , and if this be alkahnc it must have 
some effect on the properties. The amount of water is also higher (17 to 21 per 
cent ), and when heated with caustic alkab it yields a higher percentage of acetic 
acid, equivalent to about 13 per cent of potassium hydroxide, pointing to a 
molecular change having taken place 

Soluble starch, owing to its solubility and the low viscosity of its solutions, 
penetrates cotton readily, and when dried it gives a continuous transparent 
Mm and not a discontinuous one like ordinary starch paste It gives cloth a 
fuller feel than ordinary starch, but has little binding power for fiUing agents. 
It IS therefore chiefly useful for finishes where a full feel is required without 
mineral filling. It is used under the name of thin starch This is, however, not 
soluble starch, but vanable mixtures of soluble starch with unchanged starch, 
dextnn, and dextrose It is made, commonly, by moistening starch with very 
dilute mtric acid and drying it at a low temperature It was explained above 
that it 18 very difficult to use these processes without producing both dextnn 
and dextrose. Moreover, thin starches are nearly all acid When they are 
boiled they become thin quickly, partly owing to the hydrolysing action of this 
residual acid. 

The following table shows the composition of some commercial “ thin ” 
starches — 
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1. 

2 . 

Water . 




8 00 

10-40 

Mineral matter . 




0 05 

0-00 

Dextnn 




2S 86 

20 26 

Dexti ose 




7 03 

6 »6 

Staich . . . 



• 

62-06 

62 40 

Acidity 

• 

• 

• 

0 07 

0-86 


Starches containing such large quantities of dextrose readily become sour, 
since this body favours the growth of aerial yeasts and acid ferments They 
are also liable to discolour goods on keeping or drying owing to the formation 
of traces of caramel This tendency is greatly augmented by the, presence of 
free acid. • 

Thin starches may be analysed by the general process given above for starch. 
The matter soluble in cold water consists chiefly of dextnn and dextrose The 
latter is estimated in the filtrate by means of Fehhng solution If alcohol be 
added to another portion of the filtrate, the dextnn will be precipitated but not 
the dextrose The former may then be filtered ofi and weighed 

But dextrin and dextrose can be determined more accurately m the following 
manner — 

1. The dextrose is deterimned gravimetrically m, say, 50 c c of the filtrate 
by means of Fehliiig solution, weighing the cuprous oxide on a Gooch crucible 

2 Fifty c c of the filtrate are placed m 100 c c flask together with 5 c.c. 
of hydrochloric acid, and the flask is heated in a water-bath for three or four 
hours, replacing the water lost by evaporation. This converts the dextnn 
into dextrose The contents of the flask are then cooled, made alkaline with 
sodium hydroxide, and diluted to 100 c c. with water The liquid is mixed and, 
if necessary, filtered Ten c c. of the filtrate, representing 5 c c of the original 
solution, are llien treated with Fehling solution and the cuprous oxide collected 
on a Gooch crucible and weighed The difference between the two weights of 
cuprous oxide is due to the dextrose formed from the dextnn present. This is 
converted into dextrin by multiplying by the factor 0-4171 

The method of Babington, Tingle, and Watson {J.S.C 1 , 1918, 257t) is 
very good. The foUowmg determinations are made ' (a) Ash , (h) moisture ; 
(c) dextnn gum , (d) insoluble starch ; (e) reducing sugars , (/) total starch 
(100— (a-fA-f c)) ; (g) soluble starch (f—d) , (h) non-reducing dextrin gum (c—e). 

The method of procedure is as follows — 

Dextrin Gum (c). — One gramme of the sample is warmed with 30 c c of 
water m a 100 c.c. flask till just gelatinised and then cooled quickly Fifty c c. 
of a saturated solution of barium hydroxide are then added. The contents of 
the flask are mixed, made up to 100 cc. with distilled water, and filtered. 
Fifty c c. of the filtrate are placed in a platmmn dish and a drop of phenol- 
phthalem solution, and normal hydrochlonc acid is added till the mixture is 
]ust acid The pink colour is then restored by careful addition of barium -hydroxide 
solution. A weighed quantity (10 grammes) of dry washed sand is added and 
the water evaporated on the water-bath. The dish is then dried at 120° C. 
(to dehydrate the barium chloride) and weighed. The orgamc matter is then 
burnt away and the dish reweighed The difference between the two weights 
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gives the dextrin gum. The other determinations are made in the usual 
manner 

Dextrin (C,IIib06)„ — When starch is heated to a temperature of 210“ C. 
it 18 converted gradually into dextrin, the change being accompanied by the 
production of a yellow or brownish colour The reaction takes place at a lower 
temperature if the starch be previously moistened with a dilute solution of an 
acid Hydrochloric, nitnc, and organic acids are all used for this purpose. 
Solutions of dextrin, together with dextrose, are obtained when starch is heated 
with a dilute acid or treated with a suitable enzyme Pure dextrin can be 
obtained by dissolving starch in moderately concentrated sulphuric acid, neutral- 
ising the solution and precipitating the dextrin with excess of alcohol. Malfitano 
and Moschkoff {J.SG.1 , 1912, p 245) found that if starch be desiccated by 
drying in a vacuum over phosphorus pentoxide it is changed into dextrin, and 
that a greater yield is obtained in this way than by heating the starch to 100" 
or 130" C When the desiccation is carried so far that not only water of hydration 
18 evolved but also combined water, the solubility diminishes That is, these 
authors regard dextnn as being formed fri m starch by the abstraction of loosely 
combined water, which is not part of the molecule They suggest that in starch 
the CflHijOs groups are linked together into complexes by molecules of water 
(H.OII), and that the withdrawal of these molecules on desictation causes the 
breaking up of the complexes with the formation of simpler and more soluble 
molecules. When starch is heated with water, the breaking up of the complexes 
18 the result of electrolytic dissociation and is not so complete 

There are several different forms of dextrin, among wliieh are amylodextnn, 
erythrodcxtnn, and acrodextnn They are distinguished by their reactions 
with iodine solution Amylodextnn gives a reddish-brown, erythrodextnn a 
red, and acrodextnn no colour 

Pure dextrin is a white, tasteless, amor^ihous solid When examined under 
the microscope m the dry state, it is seen to retain the structure of the original 
starch granules, but directly it is moistened with water this disajipears Uextnn 
18 hygroscopic, and dissolves in its own weight of cold water, forming a viscous 
liquid with a high dextro-rotatory power (a, ',=21)0) It is soluble m dilute 
alcohol, but is iirecipitatcd by a 50 jier cent solution It coiitams from 8 to 12 
per cent of moisture. When hcat^ with potassium hydroxide acetic acid is 
split off, corresponding to from 15 to 24 per cent of jiotassium hydroxide It 
does not form a ]>recipitate with tannic acid, but is thrown down from its aqueous 
solutions by ammouiacal lead acetate It is not precipitated by concentrated 
solutions of barium hydroxide When dextrin is heated, it becomes darker in 
colour owing to the formation of caramel This change is accelerated greatly 
by the presence of traces of alkalis or acids Cold concentrated sulphuric acid 
dissolves dextrin, but changes it quickly into dextrose When the mixture is 
warmed, charring takes place in the same way as with sugar or starch Hot 
nitric acid of 1-3 sji gr. converts dextnn into oxalic and other acids. When 
heated with ddutc acids, dextrin is changed first into maltose and then into 
dextrose — 

2(-,H„,0,+H,O-C„H«0u, 

— 2CgHjgOn. 

Dextnn does not reduce Fehling solution. 

Commercial dextrms are known as (1) white dextrin, (2) canary dextnn, 
(3) yellow dextnn. These, as their names indicate, differ in colour , but they 
aim differ in composition White dextnn is the product of the limited action 
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of heat or acid on starch It contains much soluble and frequently unchanged 
starch When dissolved m hot water, the solution generally sets to a thick 
paste on cooling 

Canary dextnn is made by carrying the process a little further The pro- 
portion of soluble starch is less than in white dextnn, and that of dextrin is 
proportionately greater. But traces of dextrose or maltose are also generally 
present 

Yellow dextrin is the final product. It consists chiefly of dextrin, but 
contains more sugar than either of the other varieties 

In addition to starch and sugar, commercial dextrins nearly always contain 
free acid 

Dextrin gives an extremely soft finish, and it penetrates goods easily. But, 
owing to its hygroscopic nature, goods dressed with it are liable to have a damp, 
sticky feel. The type of finish obtained depends naturally upon the proportions 
of dextrin and unchanged, or partly changed, starch present. Many dextrine 
are identical with thin starches in projierties Since small proportions of un- 
changed starch affect the result considerably, some care is necessary to obtain 
evenness in finishing. Sugars and acid form the chief danger attending the 
use of dextrins. If the dextnn has been made by an and process, traces of acid 
will nearly always be left, and sometimes a considerable quantity is met with. 
When these dextrins are used tendenng may result ; but more generally dis- 
coloration, due to the action of the acid either on the material itself or on the 
sugars which generally accompany the dextnn No dextnn which contains both 
acid and sugar is safe to use where a fine white finish is required Although 
at first the colour may appear to be good, yet, on storing, a discoloration often 
develops Sugar is also objectionable, since its presence encourages the growth 
of organisms, especially yeasts and lactic ferments Thus, a dress made with a 
dextrin containing much dextrose sours more rapidly than it should, and owing 
to the deliquescent nature of dextrin the finished goods are also more liable to 
bacterial attacks 

The following table, taken from Pollcyn’s Dressivgx and Fimi>hingn, gives the 
average composition of commercial dextrins — 



Pnrao 

Dextnn 

Li)'ht 

Dextnn 

Brown 

Dovtim 

Ilpxtnn 

72 4.5 

.5 34 

03 00 

DextroBo 

8 77 

0 21 

7 07 

Starrh 

1.714 

80 47 

14 .51 

Water . 

.5(1] 

7 9.5 

1123 


The Analysis of Dextrin. — The methods given for starch arc equally 
suitable for dextrin 

Glutinous and gelatinous stiffening agents are chiefly employed in 
connection with fabrics such as nets, veihngs, and the like, the threads of which 
require considerable support (without any appreciable filling) in order to present 
the pattern m which the threads are twist^ or woven in an effective manner, 
as the pattern is a most important feature in connection with such goods. Gums 
and glues were formerly used to a greater extent than at present in the finishing 
of heavier goods, on account of both their binding power with respect to filling 
matenals and their stifiening properties, but they have been largely superseded 
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by starches. This has been m part due to the prices of the respective materials, 
and it is sometimes overlooked that under varying market conditions the 
advantage may be found to lie with the material which had once been 
discarded. 

These matenals ran be manipulated to any extent as regards the degree of 
stiffness to be imparted, and varieties of gums are coming into extended use as 
assistants, as also to give an increased measure of body and toughness to the 
so-called pure finishes 

Gelatin and Glue.— Both gelatin and glue are made from the same 
materials, viz , horn, bone, or skin, the difference between them being only in 
the condition of the raw material and the care exercised during manufacture. 
As a general rule, the lower grades of glue ate made from bones, while the best 
glue and gelatin are derived from skins or the clippings thrown aside by tanners. 
Both skin and bone contain a nitrogenous body termed collagen or ossein, which, 
although insoluble in water, gradually undergoes hydrolysis on prolonged boiling, 
being changed into soluble glutin or gelatin This change is shown in the equation 

^102^14BNsiOa8+HgO=Ci92HjsjN3i039 

In the manufacture of glue from bones the fat is first extracted by means 
of benzine m a large extractor, and recovered The degreased bones are then 
heated with steam under pressure for some hours or sometimes in an open pan 
The solution thus obtained is run off, and clarified and bleached, after which it 
IS concentnited and run into moulds to set. The jelly thus obtained, containing 
about 70 per cent of water, is cut into sheets, laid on wire netting and dried m 
a current of air till it contains about 15 per cent of water The clarification 
IS commonly effected by the addition of a little alum This has the power of 
coagulating certain of the impurities, such as mucin, and these settling down 
carry much organic matter with them The bleaching agents used ore either 
sulphur dioxide or hydrogen peroxide The former is used either as sulphur 
dioxide or as a hydrostilphite, while the hydrogen peroxide w made from sodium 
peroxide by treatment with dilute acetic acid. The concentration must be 
carried out rapidly at reduced pressure, since glue solutions rapidly deteriorate 
when boiled at ordinary temperatures 

The process for skin glue is .simpler, in that the skins are generally gently 
boiled by means of steam in an open copper, the liberated fat being skimmed 
from the surface as it rises 

The purity and value of the final product depends very largely upon two 
factors, viz the condition of the raw material, and the care taken in manu- 
facture to prevent excessive hydrolysis 

When nitrogenous bodies, such as skin substance, are kept for any length of 
time they are gradually attacked by putrefactive organisms The first result 
of putrefactive bacterial action is to change the insoluble bide substance into 
glutin by hydrolysis The reaction does not stop here, however, but a second 
hydroly.si8 is caused, resulting in the breaking down of the complex glutm 
molecule ‘into two simpler ones, known as gelatone peptones This change is 
shown by the equation 

Ci02Hi6iN3iO3j-f-2H£O=C5jHg5Nj7O2a-f-C47H73Fi4Oi9. 

scnuglatm hemicoUin 

These are no longer colloidal bodies like glutin, but rkidily soluble and 
diffusible , they have no jellifying properties. Proloi^ed hydrolysis may even 
go further, resulting in the breaking up of these peptones into a mixture of 
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still flimpler nitrogenous compounds, belonging to the class known as ammo 
acids Among these are 

Glycine CHjNHjCOOH 

Leucine (CHjlaCHl'HgCHNHaCOOH 

Thus decomposed glue material contains, in addition to collagen, all these 
products of hydrolysis, and since they are not removed during manufacture, 
they will bo found in the finished product 

But this hydrolysis may also be caused during manufacture from perfectly 
sound material by over-boiling, or by the action of certain chemical reagents, 
sue h as acid or alkali 

When a solution of gelatin is boiled for some time and allowed to cool, it will 
be found to form a weaker jelly than at first, and if the boihng be sufiSciently 
prolonged, it will entirely lose its power of setting In the presence of such 
bodies as acids and alkalis these results are much more rapidly produced The 
changes clue to boiling are qmte analogous to those produced by putrefaction, 
and consist in the hydrolysis of the glutin into bodies termed gelatose, gelatone 
peptones and, ultimately, amino acids They ate, of course, hastened by boiling 
under pressure 

If the manufictiire of glue or gelatin consisted only of the hydrolysis of 
collagen into glutin it would be a very simjile operation, but these reactions 
prwcid simultineously, and all glues and gelatins contain nitrogenous com 
jiounds of at least three kinds, vir glntm, jieptones, and ammo compounds 
The problem of the maiiuLicturer is to limit the hydrolysis, as far as possible, 
to the first stage, and the value of his hnsl product is determined chiefly by his 
aliility to do ho The same factors determine also the c laswfication into glue or 
gelatin Glue is merely gelatin in which the simpler nitrogenous compounds are 
present to a higher degree either owing to the nature of the raw material or the 
extent to which hydrolysis has proceeded during maiinfacture 

There is no distiiic t line between the two bodies, and it often happens that a 
good glue is, except in the matter of colour, better in every respect than many 
gelatins This is seen m the following analyses — 



1. 

Good 

Gelatin 

2 

Pad 

Gelatin 

S. 

Good Glue 

4 

Poor Glue. 


Per cent 

Pei cent 

Per cent 

Poi pent 

Water . . . . 

14 00 

14 00 

14 23 

16 23 

Mineial nutter . 

1 6S 

1 76 

1 33 

2 76 

Oi latm 

80 00 

76 00 

78 08 

64 36 

Pe]>totiPS and othei nitiogenoue 
bodii e 

0-60 

4 60 

1 95 

11 10 

Non geUtinone bodies 

S 92 

4 76 

4 41 

6 65 


In selecting a glue or gelatin we must then pay attention chiefly, not to the 
quantity of nitrogenous bodies present, but to their quality An analysis that 
gives merely the total nitrogen, assuming that it is all present in gelatin, is of 
very httle use 

Peptones when present in any quantity deletenously affect the strength of 
the jelly which is formed Thus, in the above illustrations, the relative strengths 
of the jellies formed by dissolving the same weights of the substances m equal 
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volumes of water were 100, 65, 90, and 20 respectively A glue or gelatin 
which forms a weak jelly is never so good as one giving a strong jelly. 

Moreover, peyitones are very dehquescent, and a fabric dressed with them 
attrarts moisture from the atmosphere and thus acquires a damp or sticky feel. 
It IS also much more likely to become mouldy, since not only do peptones form 
an ideal germ food, but, owing to their deliquescent nature, the necessary 
moisture is always present 

Lastly, the presence of peptone always increases the foaming power of a glue. 
It IS very difficult, if not imjiossible, to get an even dress on a lace net with a 
foaming glue or gelatin 

Glue sometimes contains another nitrogenous compound termed mucin, which 
also has very marked frothing powers. Mucin is obtained from various tissues, 
glands, and mucous membrane. It is soluble in alkaline solutions, but is jire- 
cipitated by acids or alum One of the objects of clarifying with alum is to 
remove mucin, but it is not always easy to coagulate. Mucin is, perhaps, chiefly 
introduced by the accidental inclusion of cartilage with the glue material It 
has generally been supposed that cartilage when boiled yielded a gliic-like 
substenee, termed ehondrm, containing about If) per cent of nitrogen and 
having reactions similar to those given above for mucin Morner and Trotman 
{J S.C 1 , 1910, yi 662) have, however, shown that cartilage on hydrolysis really 
yields .a mixture of mucin and gelatin The following is an analysis of a glue 
eoiitaining mucin which was used for dressing with bad results - 


Water 

Mineral matter 
tlelatm 
Peptones, ote 
Mucin 

Non-gelatinous bodies 


1(! 4C, jKi eeiu 
2 22 .. 
r>r> (17 
14 21 
4 73 
7 28 


Other constituents of glue which require notice are acid and grease 

Glue is generally bleached with sulphurous acid, and such glues are always 
acid In a good samjilc the acidity should not be more than 0 2.5 to (1 5 per cent., 
but it sometimes nses to 2 per cent. Excess of acid, if due to bleachiug, may 
even cause tendering. It also causes hydrolysis during solution and so detracts 
from the strength 

To make a glue solution the glue should be soaked overnight m cold water. 
The water is poured off next morning, and the swollen clear jelly is placed in 
water and gently warmed to about 3()° (', at which temperature it dissolves 
readily In this way the risk of liydrolysis is minimised A good glue when 
soaked m cold water should absorb from five to seven times its weight in twenty- 
four hours, and form a firm, clear, sweet-smelling jellv Keeping a glue solution 
melted for any length of time should always be avoided If the temperature 
be high it will cause hydrolysis, while if low it will encourage the growth of 
putrefactive organisms which will also hydrolyse the gelatin and probably cause 
mouldiness subsequently. 

Fat 18 rarely present in more than traces , but if there be mote than 0-25 per 
cent it must be considered as an impurity. The same applies to soaps. The 
latter are, however, sometimes purposely added to certain special makes The 
following table gives the results of the analysis of a number of commercial 
samples of gelatins and glues used in fimshing The term consistency denotes 
the strength of the jelly compared with that made from a standard gelatin undei 
identical conditions, as measured by the weight required to break the surface. 
Non-gelatinous bodies are determm^ by difference. 
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1. 

2. 

8 

D 

6. 

6. 


Per ceut 

Per cent. 

Per cent. 

Per cent 

Per cent 

Per cent 

Water 

12-68 

14 48 

18-16 

15-03 

16 49 

12 80 

Mineral matter . 

1-50 

1-87 

1 84 

1 74 

2-22 

1-76 

Gelatin 

76 SO 

77 42 

74 28 


65 07 

64-76 

Peptones and othei nitrogen 
ons comiiounds . 

2 25 

1-90 

6 92 

9-74 

18-94 

14-30 

Nou-gelatinons bodies . 

7-32 

429 

4-35 

4-73 

7 28 

6-38 

Consistency . 


60 

60 

30 

BH 

22-6 

Water absorbed , 


4-85 

4 00 

8-00 


3 70 

Acidity 

0 70 

0 15 

0-16 

I -01 


2 44 


Properties of Glue and Gelatin. — Gelatin ir insoluble in organic solvents 
such as alcohol, ether, benzene, and petroleum ether. It can be precipitated 
completely from its solutions by the addition of alcohol. Pure gelatin is also 
insoluble m cold water, but if it contain soluble and diffusible impurities these 
pass into solution When soaked in cold water gelatin absorbs from five to six 
tunes its weight, forming a firm, clear jelly. When this jelly is warmed it melts, 
forming a clear colloid.vl solution which sets again on cooling The firmness of 
the jelly depends upon the quality of the gelatin or glue. With a good gelatin 
a 2 per cent solution sets, but m the ca.se of a low-grade glue more than 10 per 
cent IS necessary 

Solutions of gelatin are precipitated by tannio acid The insoluble gelatin 
tannate, or leather, has not, however, a constant composition Gelatin is jirecipi- 
tated, also, when its aqueous solutions are saturated with sulphates of ammonium, 
zinc, or magnesium, and also by phosphomolybdic acid, phosphotung-stic acid, 
or a large excess of mercuric chloride It is also precipitated by a saturated 
solution of picric acid if added in excess But it is not precipitated by copper 
sulph.ite or potassium fcrrocvnmde, differing m this respect from the proteins 
The halogen elements also precipitate gelatin from its solutions If chlorine gas 
be passed into a solution of gelatin, insoluble chloramines are formed and the 
gelatin is completely precijiitated When bromine or iodine is used the precipita- 
tion 18 not complete 

Gelatin combines directly with formaldehyde, from 4 to 4-8 per cent being 
taken up The compound “ formogelatin ” is insoluble in both cold and boiling 
water If a cotton fabric be soaked in a solution of gelatin and then in formalin 
it becomes perfectly waterproof when dried Small quantities of forma Idehyde up 
to 1 in 10,000 act as a preservative but do not produce this insoluble compound. 

Small quantities of potas.sium bichromate or salts of chromium act in a 
similar manner after exposure to light Waterproof dressings may be produced 
m this way 

When gelatin or glue is dissolved in a hot concentrated acetic acid, the solution 
does not gelatinise when cooled, but forms what is known as a liquid glue. Liquid 
glues can be made also by many other methods, such as (1) heating with small 
quantities of acids or alkalis ; (2) heating with certain phenols and sulphonic 
acids, such as phenol, cresol, and naphthalene sulphonic acid , (3) heating with 
solutions of certain salts, such as calcium chloride, calcium nitrate, calcium 
thiocyanate, etc. , (4) treating it with proleolytic enzymes. 

Both glue and gelatin are very susceptible to alkaline hydrolysis, even small 
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quantities being sufficient to lower the melting'pomt of the jelly on cool’ gelatilP 
cause hquefaction. 

The Detection of Gelatin. — The reaction between gelatin and tannic acid 
is very dehcate, but is given by so many other bodies that it is of bttle use. The 
picnc-acid test is capable of detecting 1 part of gelatin in 10,000 of water. A 
httle of the solution to be tested is treated with a few drops of acid mercuric 
nitrate solution and warmed gently. This coagulates proteins, which react also 
with picric acid The solution is filtered and the clear filtrate treated with a 
cold saturated aqueous solution of picric acid If gelatin be present a pre- 
cipitate IS formed which dissolves at first, but becomes permanent when excess 
of the reagent is added. The mercuric mtrate solution is made by dissolving 
1 gramme of mercury in twice its weight of concentrated nitric acid (sp. gr 1-42) 
and diluting the solution to five times its volume with water 

The Testing of Glue and Gelatin. — More information 
can be obtained from physical than from chemical tests, and 
the former are commonly relied upon m the selection of both 
glues and gelatins The chief of these arc — 

1 . Water Absorbed — A. weighed piece of the sample (about 
5 grammes) is suspended by means of a fine silk thread be- 
neath the surface of cold water in a beaker for forty-eight 
hours The water is then strained off and the jelly weighed 
From the increase in weight the water absorbed is calculated 
Good gelatins absorb at least seven times their weight of 
water, and a glue from four to five Bad samples may be- 
come slimy or form a solution The jelly formed should be 
clear and firm and devoid of smell, 

2 Strength of Jelly of Consistency — (a) Lipomtz Method 
Ten gr.Tmmes of the sample are soaked overnight in about 
50 cc of cold water. The jelly is then melted, the solution 
made up to 1(X) c c and allowed to set in a small cylinder or 
o pot A small cvhndncal metal cup is then placed on the 

Fio. 105 — Appara- surface of the jelly To this is attached a vertical metal 
mi n a” o n*'*o'f which pusses through a support which keeps the apparatus 
broakingstrcngth *’■ vertical po.sition At the top of this rod is a second cup, 
of jelly into which shot is poured until the lower cup sinks to a certain 

point in the jelly, the weight of the shot together with that 
of the instrument gives the breaking strength of the jelly. Reliable results 
may be obtained with the ajiparatus shown in fig 195, where CD=| inch 
and AB- 9 inches 

(b) The Finger Test —Ten grammes of the glue are dissolved in 100 c.c of 
water and allowed to set in a cylindrical pot. In a number of exactly similar 
pots varying weights of a standard glue or gelatin (Coignet’s Gold Label) are 
dissolved in 100 c.c of water and allowed to set side by side with the glue When 
these have all set, the strength of the glue jelly is matched against them by 
lightly pressing the surface with the finger-tips, and that particular strength of 
g^tin noted which offers the same resistance to the finger as the glue. The 
strength of the jelly is then expressed as a percentage of the standard used. For 
instance, 10 grammes of glue gave a jelly equal in consistency to that obtained 
from 3‘5 grammes gelatin. Hence the consistency of the glue is said to be 35. 

3 Viscosity Test . — According to Bogue {The Chemistry and Technology of 
Odatm and Glue, p. 308), the viscosity of a glue solution is the most valuable 
physical test. This is determined by noting the time required for a solution to 
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run out of a pipette under etandardised conditions A 25 per cent solution at 
80° C. is used. Any suitable pipette may be employed, but it is usual to use 
one which, when filled with water, requires fifteen seconds to become empty. 
The number of seconds taken by a glue solution divided by fifteen then gives its 
viscosity compared with that of water For accurate results the pipette should 
be kept at a constant temperature m a bath of water. Archbutt’s viscometer 
(fig 196) IS a very convenient form of apparatus. 

A stout glass burette with a short stem is graduated to 25, 50, and 100 c.c , 
reckoning from a zero mark 
placed a little below where the 
]et begins. It is surrounded 
by a water-jacket ending at 
the bottom m a neck closed 
by a thin rubber cork, pierced 
for the stem of the burette 
The jacket is closed at the top 
by a large rubber bung with 
holes to admit the burette, 
a funnel tube for pouring in 
water, thermometeT, stiTrei, 
and tubes for the entrance 
anil cscajie of steam Neat 
the bottom of the jacket is a 
side aperture for running out 
water The clean burette is 
pushed through the large bung 
until its stem projects about 

inch below the cork, but 
not beyond the glass neck So 
adjusted, chilling of the glue 
during its outflow is reduced 
to a minimum. For ordinary 
glues a 25 per cent solution 
at 80° C 18 convenient for 
viscosity determinations The 
jacket is filled with water at 
that temperature, the jet of 
the burette plugged with a peg 
of soft wood, and the glue 
solution, previously heated to 
80° C., poured into the burette 196.— Arohbutt’s viscometer 

to a point above the 50 c c 

mark When the glue is exactly at 80° C., determined by stirring with a 
thermometer, the peg is withdrawn from the jet and the glue allowed to run 
out A stop-watch is started the moment the surface of the glue solution 
reaches the 50 c c. mark and stoppetl the moment it passes the zero mark, the 
time taken being compared with that reqmred by standard glue, water, or an 
oil of known absolute viscosity measured by the same instrument. 

Chemical Analysis. — For use in dressing or sizing the phjrsical tests just 
described are generally sufficient to give all the information required. A 
chemical analjrsis includes the determination of (1) moisture, (2) aiffi, (3) total 
nitrogen. Moisture and ash are determined in the usual way and nitrogen by 
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the Ejeldahl process The total nitrogen multiplied by 5*56 gives gelatin Till' ^ 

sum of the water, ash, and gelatin deducted from 100 gives non-gelatmous bodies 

Acidity IS determined by soaking a weighed quantity of the sample overnight 
in cold distilled water, dissolving at a low temperature, and titrating with deci- 
normal sodium hydroxide, using phcnolphthalem as indicator It may be men- 
tioned that the pH \,ilue of a good sample when tested by a suitable indicator 
should be from 5 to 5-5 

Both glues and gelatins generally contain sulphurous acid as a preservative 
This IS detected by distilling some of the jelly with steam into bromine water a d 
then testing the distillate for sulphuric acid The process may be made quanti- 
tative also Twenty-five grammes of the sample are placed in the distilling flask 
rfiown in fig 197, covered with air-free distilled water, and allowed t# stand for 
about four hours Bromine water is placed in the beaker, the end of the adapter 
dipping beneath its surface When the gelatin has swollen up the water in the 



boiler IS heated and allowed to bod for some minutes to expel air The steam 
IS then passed through the distilling flask for about thirty minutes Some 
hidrochloTic and is then added to the distillate, which is boiled till the excess 
of bromine is cxpelleil Barium chloride solution is then added, and the pre- 
cijiitated barium sulphate filtered off ,ind weighed in the usual manner If 
combined suljihur dioxide be requircxl, a few drops of phosjihoric acid are run 
into the flask by means of the tap funnel before passing in the steam 

Casein. W'hen milk is .lUowed to ferment under the influence of the lactic 
acid ferment, it curdles owing to the precipitation of casein The same result 
mai be obtained by treating the milk with rennet or a dilute acid If the curd 
be filtered off and washed, fairly pure casein is obtained The milk does not 
itself contain casein, but an albuminoid body termed easeinogen, which is readily 
transformed by acids, and ferments into insoluble casein. This easeinogen 
may be obtained from milk by removing the fat by means of a separator and 
saturating the liquid with magnesium sulphate, which causes its precipitation 
The precipitate when dissolved in distilled water and acidified yields casein. 
Casein is readily obtained from skim milk by treating it with 0*1 per cent, of 
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acetic acid. The lesulting precipitate is filtered and washed. It is then dissolved 
in dilute caustic soda and filtered till nearly clear, after which it is again acidified. 
The resulting precipitate of casein is collected, washed, and dried If a fat-free 
powder be required it should be washed with ether before drying. 

Casein is a protein, but differs from many others in containing more phos- 
phorus and in not being coagulated on boiling But, like other proteins, it 
IS precipitated by tanmc acid, phosphotungstic acid, phosphomolybdic acid, 
mercuric and cupric salts It is precipitated completely, also, by adding excess 
of alcohol to its faintly acid solution Pure casein is a white amorphous powder, 
which swells up when soaked in cold water but does not dissolve. It is, however, 
soluble in dilute solutions of caustic alkalis It dissolves also in solutions of 
ammomaf alkahne carbonates, borax, and sodium phosphate. If a dilute acid 
be added to an alkaline solution of casein the protein is precipitated as the acid 
salt This compound is soluble in hydrochloric acid containing less than 0*1 per 
cent of real acid, but is insoluble in acid of moderate strength Concentrated 
hydrochloric acid dissolves it, and when the solution is heated a violet colour is 
produced 

Casein, like other proteins, is amphoteric, t e acts both as an acid and a base. 
It has itself a faintly acid reaction If casein be dissolved in sodium hydroxide, 
carbonate, or jihosphate or calcium hydroxide in the calculated quantities, and 
the solutions be evaporated in vacuo, the corresponding casein salts are obtained 
111 the form of white ])owders When a solution of casein is mixed with formal- 
dehyde and dncd, a transparent insoluble mass is left similar to formaldehyde 
gelatin Casein may often be used for btiffemng with good results, It may 
be first soaked with water till swollen and then added to the remainder of the 
dressing mixture A better plan is to dissolve it in a little mild alkaline solution, 
such as borax or sodium carbonate Goods may be treated with this solution 
and subsequently passed through an acid bath to coagulate the casein, after 
which they are washed and dried If a waterjiroof dress be required, formalde- 
hyde casein may be employed. The solution of the protein is mixed with about 
2 per cent of formalin and the goods afterwards slowly dried, when insoluble 
formaldehyde casein is obtained, or the casein may be first applied and the goods 
subsequently treated with a formaldehyde solution and dried In using 
commercial solutions of formaldehyde any free acid must always first be 
neutralised 

Gums. — Those bodies occur in the juices of plants and are generally 
obtained as exudations. They are, as a rule, tasteless, almost colourless bodies 
with highly marked colloidal properties They generally swell m contact with 
cold water, and the jelly when warmed forms a serai-solution Some of them 
gradually dissolve in cold water A number of bodies are classed as gums irh>nh 
have, however, not much in common Thus pectin, a natural constituent iff 
cotton, IS generally considered to be a gum. Algiu, gelose, gum tragacanth, and 
gum arable are of use all to the finisher and will be briefly described. 

Algin occurs in various seaweeds, from which it is prepared as a thick viscous 
solution containing from 90 to 95 per cent, of water It dissolves, however, 
more readily in dilute alkaline solutions, such as sodium carbonate. If such a 
solution be acidified, a whitish precipitate of algiiiic acid is thrown down. 
Solutions of algin are also precipitated by many metallic solutions, such as zinc 
sulphate and calcium chloride, insoluble compounds of the metal with alginic 
acid being formed. In using algin for dressing it is better to employ one of 
these reactions. The fabnc is first treated with a solution of algin and then 
with dilute acid or a solution of a metallic salt, and subsequently washed and 
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dried. A solution of algin behaves very much like one of casein. Like casein, it 
contains nitrogen, but it is not precipitated by tannic acid or menniric chloride 
or formalin. An aqueous solution of algin has a high viscosity. 

Algin 18 met with either as a mucilage or a dned horn-hke mass capable 
of forming a mucilage with water. The following are analyses of typical 
samples . — 



Mucilage 

Dry Material 

Water 

Mineral matter 

Algin 

Per cent. 

83 41 

3 65 

13 04 

Per cent. 

18 90 

16 88 

64 22 


Gelose is made from a Japanese seaweed frequently sold under the name of 
agar If this weed be finely jiowdcred and boiled for some hours with water it 
disintegrates and dissolves Upon coohng the solution it sets to a hard ]elly 
The setting power is very remarkable, 1 part in 500 of water being sufficient 
to form a jelly If it be heated for a long time with water or dilute acid it 
undergoes hydrolysis and loses its power of setting 

Tragacanth is the dried exudation of Adragalus gummiger, winch grows in 
Lebanon. Syria, Central Asia, and America The gum occurs m two forms (1 ) 
leaf gum in small, irregular curved strips with a crinkled surface , and (2) 
vermicelli gum in cylindrical sticks (Stoclm and White, J.8.C.I., 1903, p 5) 

It vanes in colour from white to yellow or brown and grey When boiled 
with water it gives up about 6() per cent of its weight capable of being removed 
by filtration With cold water it gradually swells and forms a thick jelly-like 
mass which forms a partial solution on warming, setthng to a jelly when cooled 
again. Its solution has a very high viscosity, greater than that of gum arable, 
and only exceeded by that of Iceland moss It does not form a clear jelly, hue 
18 somewhat opaque with white sjiecks scattered through it These consist of 
oval cells containing some starch granules similar in appearance to those of rice 
or maize. The water content of tragacanth vanes considerably, rising as high as 
26 per cent. According to Stocks and White, the dry gum mucilage contains — 


Carbon 

. 42 33 per cent 

Hydrogen 

5 59 

Oxygon 

47 85 

Nitrogen 

0 05 

Ash . 

. 4 18 „ 

These figures agree fairly closely with the formula C.HioOs. Tragacanth is 

too exi>ensive for very general use, and 
adulterated 

the cheaper varieties are often 


Tragasol is made from the seed of the twist bean, the fruit of Ceratoma 
sUtqua The seeds are first .split and are then mechanically separated into 
husks and cotyledons. The cellulose tissues of the latter contain the gum, which 
is extracted hy careful kneading with hot water. The solution is strained or 
filtered, and treated with a preservative. The gum forms a stiff, whitish, trans- 
parent jelly, somewhat similar to tragacanth, containing no starch, but a con- 
siderable amount of nitrogen (equal to 2*4 per cent, of albuminoids). It does 
not dissolve in water, but, when stirred with it, appears to take up the water. 
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the masB lemaimng as stiff as before It mixes most readily with water at a 
temperature of 100° to 140° F It is important that it should be thoroughly 
mixed with the* water before use It is a valuable binding agent for mineral 
fiUings and starch, and gives cloth a smooth, tough, leathery feel. 

Irish moss is a variety of seaweed collected in Ireland and Scotland. When 
heated with water, about 60 per cent of it goes into solution If this be filtered 
through linen or canvas, the solution sets on cooling to a fairly stiff jelly The 
moss should be washed before use, as it is hable to contain a considerable amount 
of salt and other impuntiea The following analysis shows average commercial 
sample — 


Water 

Soluble matter 
Insoluble matter 
Mmeral matter 


13 28 per cent 
44 00 
41 62 
120 


Irish moss contains a large quantity of pectin, which may be precipitated as 
pectic acid by at idifying an aqueous extract of the substance It does not give 
a hard finish, and is no use for goods that have to be calendered under pressure, 
since the finish breaks down under calendering, but it is useful for hghtly 
dressed goods, jiroducing a so-called natural finish It imparts a bulky feel, 
with a high degree of softness, and an absence of papery feel A 0-75 per cent 
decoction is particularly good for dressing flannelette, in which heavy dressings 
tend to lay the nap and dust out during the raising process It mixes well with 
other finishes, and tends to prevent the bleeding of the dyestuffs in washing 
The moss should be steeped in water for twelve hours and boiled for two, and it 
18 desirable to use an antiseptic {J 8C 1 , 1904, p 422) 

Iceland moss contains a gum similar to pectin and is used in much the 
same way It is more soluble in water than Insh moss, containing about 70 per 
cent of soluble matter consisting chiefly of pectin 

Gum arable is the dried exudation obtained chiefly from trees of the acacia 
species growing in the Soudan Its chief constituent is the calcium salt of arable 
acid, ('ggHi 4 ^H, 4 CaO When treated with dilute acids it splits up into a sugar 
similar to glucose (arabiriose) and arabmosic acids Gum arable is soluble in 
water, forming a thick viscous solution from which it is thrown down by alcohol, 
alkaline silicates, borax, mercuric chloride, and ferric salts It is the only gum 
which IS completely soluble in water, reqmnng about one and a half times its 
own weight Its adhesive properties are increased by the addition of alum to 
its solution, a mixture of aluminium arabinate and calcium sulphate being 
produced 

A solution of the gum has a high viscosity, and the lower grades can be 
differentiated by this means There are many different qualities of gum arable, 
which are generally distinguished by names denoting their origin, such as picked 
Turkey, white Sennaar, gum Senegal, Cape gum, etc , and Indian gum (Hurst, 
Dvstwnary of Clietmcala and Raw Products) The true gum arable comes only 
from the Soudan The varieties differ in solubility in water, and in the strength 
of the muedage or jelly which they form 

Carnauba wax belongs to the vegetable waxes, which are produced as 
exudations from the leaves of trees It is obtained from a South American palm 
It IS a very hard brittle substance with a slightly yellowish colour, though it 
may be bleached quite white. It has a remarkably high melting-point, ranging 
from 80° to 84° C It does not readily mix with water, but in the presence 
of an alkalme carbonate an emulsion may be obtained which has very marked 
stiffening properties It may be saponified by prolonged boiling with alkali, and 
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the fatty acid may then be precipitated in a fabric. The fatty acid (carnaubic) 
has a meltmg'pomt of 72*5° C. The zinc soap made by treating a solution of 
the sodium soap with zinc sulphate is a white substance, which, unlike other 
soaps, does not decompose on keeping, and is a very good filling or stiffening 
matenal. It is fairly soluble in benzene. 

Softening Agents — Soap . — The dangers attached to the use of soaps have 
already been indicated If soap be used, only the best should be employed, 
and such as have nearly colourless fatty acids Soap is frequently us^ as a 
lubricating agent in finishing mixtures, although in the presence of lime com- 
pounds it 18 corajiaratively useless for this purpose ; a clear white soil, such 
as lard oil or cocoa butter, is in all cases preferable In this connection mention 
may be made of certain so-called “ soluble oils,” which are often merely solutions 
of soaps in water, the latter generally amounting to 90 per cent. A good soluble 
oil IS turkey-red od, which is largely used in dyeing cotton goods and has a 
softening effect. 

Turkey-red oil is made by sulphonatmg castor oil (p 372) The value of 
a sample depends on the percentage of fatty matter present, which is usually 
about 50 per cent Owing to its acid nature it commonly contains iron as an 
impurity. The use of turkey-red oil as a “ capillarising ” agent in both the 
soda boil and the chemio has already been mentioned 

The percentage of fatty matter m turkey-red oil can be determined by de- 
composing a weighed quantity with acid and extracting with other in a separating 
funnel 

Oils.— Many oils and some waxes are used as softening agents, including 
tallow, lard oil, castor oil, cocoa butter, ceresin, Japan wax, and petroleum ]elly 

Petroleum Jelly is a mixture of paraffin wax and petroleum It is a white, 
soft mass with a melting-point of about 40“ C It is, of course, inflammable, and 
has sometimes a low flash-point. 

Ceresin is a wax obtained from a bituminous mineral termed ozokerite, 
which is found associated w'lth jietroleum Ozokerite contains, besides ceresin, 
mineral mutter, hydrocarbons, earth, and water The refined product or ceresin 
18 a yellow or white substance resembhng beeswax, but, unlike beeswax, is 
completely uusaponifiable. Its melting-point varies from 60® to 78° C. It 
!s ‘-iiietimes adulterated with such bodies as paraffin wax, bleached rosin, or 
carnauba wax 

Japan wax is obtained from the hemes of a J apanese plant It is a yellowish, 
hard substance, melting at about 50° 0 It is insoluble in cold, but dissolves in 
boiling, alcohol, crystallising from the solution on cooling It is readily soluble 
in ether, petroleum, and other organic solvents It forms emulsions readily 
when shaken with hot water or water containing a little alkali, such as borax 
Japan wax contains about 1 per cent of unsaponifiable matter It consists 
largely of palmitm and free palmitic acid, together with small quantities of other 
acids, such as Japanic acid, C|}H 3 g(COOH) 2 . The free fatty acids amount to 
about 10 per cent It is sometimes adulterated with water, starch, tallow, and 
other fats Genuine Japan wax has a very low iodine value not exceeding 15 
When saponified with potassium hydroxide it yields glycerol. It is not, therefore, 
a true wax but a fat. 

Cocoa butter is pressed from cocoa beans. It is a white or yellowish-white 
solid mass .which melts at about 30° C. It does not readily become rancid, but 
has a characteristic smelL It contains only traces of unsapoiufiaulii mat^qiL^'' 
an iodine value of 34, and the titer of its fatty acids is 48° to 49° C. > 

Lard oil 18 a clear, colourless oil obtained by subjecting ordinarj lard” 
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pressure, the residue being lard stearin. The melting-point of lard oil varies 
from 10° to 12° C , being liquid at ordinary atmospheric temperatures It should 
contain only traces of free fatty acids and should not become rancid on keeping. 

Tallow is obtained principally from beef and mutton fat. It is a white, 
tasteless substance, melting at from 44° to 48° C. Impure tallow has sometimes 
a yellowish colour. Unless it contains impurities it does not readily become 
rancid. It should not contain more than 4* per cent, of free fatty acids It 
consists of approximately equal proportions of triolein and tristearin, the free 
fatty acids having a titer of about 44° C. It should contain no water nor mineral 
matter, and less than 1 per cent, of unsapomhable matter Its iodine value is 
about 40 to 45. 

Castor oil is obtained from the seeds of Ricinus communis. It is a colourless 
or pale yellow oil, sharply distmgmshed from most other oils by its high specific 
gravity, viscosity, and solubility in alcohol. It is insoluble in petroleum. Its 
specific gravity vanes from 0‘9TO to 0*964, and its vwco.sity is higher than that 
of all oils except rosin oil and blown oil. It is very readily sapomfied by alkalis 
and forms good emulsions It is largely used in the manufacture of so-called 
soluble oils and as a softener 

Proprietary Softening Mixtures. —These are very numerous, and they 
generally consist of varying quantities of soap, cocoa butter, or other oil, made 
into emulsion or paste with water They should always be bought upon the 
results of analysis The following examples will illustrate the variations met 
with in this class of compound — 



1 

2. 

3 

4 


I’or cent 

Per cent 

Per cent 

Pel cent 

Water , 

18 9 

806 

91 7 

89 4 

Unhapomfiable uil 
iSapumiiablo oil 

55 0 

10 

40 


8oap 

2r» 5 

184 

43 

10 6 


The Analysis of Oils used as Softening Agents.- The purity of an oil 
can be ascertained generally from the determination of its iodine value, and the 
percentage of unsapouifiable matter, water, and mineral matter In the case of 
solid fats the melting-point is also of assistance, and iii some cases the flash-point 
IS important. The determination of free fatty acids gives a measure of the 
rancidity of an oil. 

Water. — About 5 grammes of the oil are weighed in a flat dish provided with 
a short piece of glass rod to act as a stirrer. The dish is then heated in an oven, 
the contents being stirred occasionally to assist the hberation of the water. 

Mineral Matter. — ^From 5 to 10 grammes are burnt carefully in a weighed 
platinum or silica dish and finally igmted till no more organic matter is left. 

Matter Insoluble in Petroleum Ether. — A weight quantity of the oil is 
dissolved in petroleum ether and the solution filtered through a weighed Gooch 
crucible. The flask and filter are washed several times with warm petroleum 
ether, after which the crucible is dried and weighed. All oils except castor oil 
should be completely soluble m petroleum ether. In the case of castor oil ether 
should be used as the solvent. 

Free Fatty Acids. — From 1 to 2 grammes of the oil are warmed m a flask 
with neutralised spirit to dissolve the free fatty acids. A drop of phenolphthalein 
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solution IB added, and then decinormal sodium-hydroxide solution till a faint 
pmk colour is produced. Each cubic centimetre of alkali used is equivalent to 
0*0282 gramme of oleic acid 

Unsaponi liable Matter. — ^This determination has been described on p. 264. 
Iodine Value. — ^This is one of the most important tests for the punty of an 
oil It IS a measure of the unsaturated fatty acids present The method of- 
determination has been described in Chapter XIX 

Melting-point. — The capillary tube method is generally convement. The 
following method of determination is recommended by Archbutt and Deeley 
(LubrvMum and, Lubricants, p 194) — 

The capillary tubes, which are made by drawing out soft glass tubing, should 
be very thin-walled, about 10 cm. long and 1 mm. in internal diameter They 
are left open at both ends. One end is dipped into the 
melted substance until enough has nsen to fill about 1 cm 
of the tube, which is then laid aside in a cool place for 
several hours, preferably overnight, for the substance to 
solidify and regain its normal melting-point The other 
end of the tube is then held for a moment in a small flame 
and, while hot, is pressed against a bar of wood, W 
(fig. 198), coated with sealmg-wax, by which means four or 
more of such tubes may be supported in a beaker as shown 
m the sketch The beaker is placed upon a disc of asbestos 
millboard over a burner, and a thermometer, T, held by a 
clamp or suspended by a cord, is placed with its bulb close 
to the filled ends of the capillary tubes The water in the 
beaker is then slowly warmed up and continually stirred by 
the glass stirrer, S, and the temperatures at which the sub- 
stances melt and rise up the capillary tubes are recorded 
The mean of two experiments in sepp,rate tubes, which 
should closely agree, is taken as the inelting-point of the 
substance 

Blueing Materials. — VUramanne is a mixture of 
Fio 198 - Capillary aluminium and sodium sihcate with polysulpliides of sodium 
detcnm^lion of ^ obtained naturally from lapis lazuli, the bulk 

moltiug- point bemg manufactured by igmting a mixture of silica, china 
clay, caustic soda, sodium sulphate, and rosin, the propor- 
tions varying according to the nature of the product required Its composition is 


approximately — 

ijjlica , . 40 88 

Alununa . . . . 24*11 

Sulphur . 13 74 

Oxide of sodium 16 61 

Water . . 2*60 


It IS very rarely adulterated, but different samples have very different colouring 
powers, depending upon the composition and fineness. The colouring power can 
be determined by diluting it with a neutral white powder, such as kaolin, until 
it has the same tint as a given quantity of a standard compound ; or Lovibond’s 
tintometer may be employed, in which case the powder is replaced by a set of 
standard glasses having defimte colours. When treated with chlorine, ultra- 
marine gives rise to a red-coloured compoimd. It is important, therefore, that 
goods should be quite free from chlorine if used with tins pigment. Its colour 
is also destroyed % dilute acids, with the evolution of sulphuretted hydrogen. 
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Smalt is essentially glass coloured witli oxide of cobalt, and is obtained by 
fusing a mixture of silica, potash, and oxide of cobalt. The depth of colour 
depends upon the quantity of cobalt oxide present. It is sometimes adulterated 
with ultramarine or barytes. It should, of course, be very finely ground, and 
its colouring powers tested, as with ultramanne. 

Smalt and ultramarine are sometimes replaced by aniline dyes, or indigo, but 
these are not so fast. Occasionally so-called smalt consists of ground gypsum 
or barytes, coloured with a dye. The following analyses show the proportions of 
cobalt oxide found in commercial smalt : — 

Cobalt Oxide 

No 1 . 7 57 

No 2 . .9 03 

No. 3 . . . . 9 08 

Antiseptics are bodies which delay the growth ot bacteria. The name 
disinfectant refers to those which kill both bacteria and their spores. There is 
no defimte distinction between the two classes, since many bodies are disinfectants 
m large and antiseptics in small doses. Chlorine is a powerful disinfectant on 
account of its oxidismg power. Since, dunng its action, it becomes changed 
to hydrochloric acid, it has not a lasting effect. The same is true of other 
oxidising agents and sulphur dioxide, which is a reducing agent The phenols, 
salicylic and benzoic acids, boric acid, and formaldehyde, being less readily 
changed, have a more lasting effect Certain metalhc salts, such as mercuric 
chloride or zinc chloride, potassium mtrate, sulphate of copper, have also a 
preserving effect. Although the use of preservatives in fimshing mixtures is 
m many cases very desirable, there are not many antiseptics suitable for this 
purpose. Salicylic acid and benzoic acid are often precluded by reason of the 
fact that they form coloured compounds with even traces of iron Copper com- 
pounds can be used in some cases, formaldehyde in others , but, in general, the 
safest 18 boric acid. 

Fonnaldehyde, HCHO, is made by the action of oxidising agents on methyl 
alcohol (OHjOH)— 

HCHisOH-HO=HCHO-t-HgO 

# 

The vajiour of methyl alcohol, mixed with air, is passed over a heated platinum 
spiral, and the product condensed in water, when a solution of formaldehyde is 
obtained The compound is only known in the gaseous state When an 
aqueous solution is concentrated or evaporated over sulphuric acid, the aldehyde 
IS polymensed, forming crystals of para-formaldehyde, (CHgOlg Formaldehyde 
has a penetrating odour and powerful antiseptic properties. It is gener^ly 
sold under the name of formahn, which is a 40 per cent, solution of the gas. 
An important property is its power of combining with ammoma to form hexa- 
methylene tetramine (CHgl^Ng — 

6HCHO-|-4NHg=: (CHg).N«-l-6HgO. 

It acts in a similar way with proteins, gelatin, and bodies contaimng an NHg 
group. If cotton be dressed with gelatin containing formaldehyde, the gelatin 
becomes hard and insoluble on drying, and is very resistant to the attacks 
of bactena. Formalin does not, however, lend itself to other dresses so well, 
as it IS quickly lost by evaporation. 

Bono acid, HgBOg, occurs in natural jets of steam (suffioni) which escape 
from the earth in certam volcanic districts, notably in Tuscany. The condensed 
steam collects in pools and is concentrated till the acid crystallises out. It is a 
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white, liutrouB substance with a soapy feel. When neutralised with carbonate 
of soda, borax, Na2B^O7l0H3O, is obtained. Boric acid is not very readily 
soluble in water It may be added with safety to most dresses, but is not of 
much use in a proportion of less than 0*25 to 0*5 per cent. 

Copper sulphate, CuS045Hj0, or blue vitnol, is made by dissolving copper 
oxide in sulphuric acid and crystallising the solution. It forms large blue 
triclimc crystals , when heated to 100“ C it crumbles to a white powde’*, having 
the composition CuS04Hg0. If this residue he heated to about 200° C., it gives 
up the fifth molecule of water, anhydrous copper sulphate being obtained. 
Copper sulphate dissolves readily in water, forming a blue solution When 
this solution IS treated with a caustic alkah, a blmsh precipitate of copper hydrate 
18 obtained, while the corresponding carbonate is thrown down on the addition 
of sodium carbonate. With ammonia the hydrate redissolves, forming a deep 
blue solution Copper salts inhibit the growth of moulds to a limited extent, 
but not of putrefactive bacteria They cannot be used with dressing mixtures 
containing soap, as an insoluble copper soap is at once thrown down. 

Salicylu: Aevd, — There are three hydroxy-benzoic acids, of 

which the ortho-compound or salicyhc acid alone has any commercial imjiortance 
It occurs in salicin, a glucoside found in willow bark It is generally made from 
sodium pheiiate, CgHjONa, by treatment with carbon dioxide. When .sodium 
plienate is treated with carbon dioxide, direct union takes place, with the 
formation of sodiumphenylcarbonate, CjHjOCOONa When this compound is 
heated to 130° C it undergoes molecular transformation, producing sodium 
salicylate, C4H40HC00Na, phenol being also produced, in accordance with the 
equation 

C4H4(0H)C00Na+C8Hs0Na=C,H40NaC00Na+CeHB0H 

The reaction depends upon the presence of unchanged sodium phenate If, 
however, sodium phenate be heated with carbon dioxide under pressure, the 
sodium salicylate is produced unaccompanied by phenol. 

Salicylic acid is a white, acicular, crystaUine compound with a sweetish taste, 

, melting at 1.56*7.5° (’ Wti'yi gently heated to 200° C. it suhlnnp' ' — 

' and phenol When dpp' , lorming carbon dioxidt 

solul^e inhot wJter, a^d s™^^^ ^ ^ 

of the acid requires 550 of later! Ld abiJt laltfaTr ^ 

,.ter « g.v« a p«„p,to,, “““ 

CeH40HC00H-t-4Brg=CgHgBrg0Br-f-C0g+4HBr. 

the^piuS'bSi'^ ® grains to 

have been boiled. When used however w Putrefaction in mixtures that 

moderate temperature much larwr oualt.T^ ^ °i“<ie up at a 

grams per pound ’ ^ ‘ ® quantities are necessary, viz. from 30 to 50 

f •* >■““ »<«!.» S.O.W 
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This reaction makes its use sometimes inadvisable for lace goods, and freedom 
from iron must be first ensured 

According to Allen, there are three distinct qualities of commercial salicylic 
acid, of which the “ ordinary ” or cheapest variety is the only one which would 
be used in dressing The chief impurities liable to bo met with are phenol, 
cresol, potassium sulphate, and, occasionally, such adulterants as starch, 
gypsum, etc. 

Phenol or carbolic acui, CjHj(OH), is prepared from the fraction of coal 
tar distilling between 160° and 200° C This is neutralised with caustic soda 
and the solution separated from the undissolved oils It is then acidified 
with sulphuric acid, when the phenol is liberated and nses to the surface, 
forming an oily layer. 

The reactions involved are — 

C,H50H+Na0H=CeH60Na+Hj0, 

2CaHs0Na+HaS04=Nas,804+2CsHs0H. 

The crude acid thus obtained is distilled, and the portion coming over near 
182° 0 collected separately and cooled in a freezing mixture, when the phenol 
crystallises out The crystals arc separated by means of a centrifugal machine 
As indicated above, phenol is also obtained when salicylic acid is strongly heated 
in a retort 

Phenol IS a colourlc.ss crystalline compound, the cr 3 mtals of which are needle- 
shaped, and melt at 42 2° C , forming a colourless liquid which boils at 182° C 
It has a strong burning taste and rapidly destroys the skin When exposed to 
the air it absorbs moisture, giving rise to a hydrate of the composition 
2 O 4 H 4 O I HgO , the hydrate melts at 17 2° C 

Phenol is only sparingly soluble m cold, but dissolves readily in hot, water. 
The solution, when neutralised with alkalis, gives rise to compounds known as 
))henates, such as sodium phenate, CgHjONa. It is readily soluble in organic 
solvents A .solution of phenol coagulates solutions of albumin m the same 
way as acids It gives a precipitate with chlorine or bromine, hydrogen being 
displaced by halogen — 

CgHjOH-PBrg^CgHgBrOH-fHBr 

When excess of the reagent is added, a further reaction occurs, forming 
tribromophenol, CgHgBrjOH. Phenol has powerful antiseptic properties It 
is very useful with gelatin dresses. It may be used in the proportion of about 
1 part in 1000 

It 18 generally sold on a guaranteed percentage of tar acid It may contain 
neutral oils, which have only very limited antiseptic powers, and are further 
liable to cause discolorations with cotton goods. It gives a violet colour when 
treated with a solution of a feme salt and a deep blue colour with hypochlorites 
in the presence of alkahs, or red in a6id solution These reactions have, of course, 
their significance in the use of phenol for preserving bleached cotton goods 

Although a powerful antiseptic, its smell makes phenol difficult to use for 
textile fabrics Sodium phenate is an equally good preservative, is readily 
soluble in water, and has no smell /3-naphthol, CigH^OH, has no smell, and is 
a more powerful antiseptic than phenol 

Fluorides.— Sodium fluonde, NaF, sodium bifluonde, NaF.HF, and sodium 
silicofluonde, Na^SiFg, are all used as preservatives. They are colourless com- 
pounds sparingly soluble in water. In the presence of salts of calcium or mag- 
nesium, which would generally be present in dressing mixtures, they become 
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changed into insoluhle calcinm and magnesiunx fluorides TThich have no pre- 
serving action. 

Zinc chloride, ZnCl 2 , is used very commonly in smng mixtures as an 
antiseptic It acts also as a deliquescent agent and, since it lowers the gelatin- 
isation temperature of starch, assists m the preparation of the dressing mixture. 
It IS made by burning zinc m an atmosphere of chlorine or by dissolving its 
oxide or carbonate m hydrochloric acid and evaporating the solution. Zinc 
chloride crystallises with two molecules of water, giving ZnCl 2 2 H 20 . Com- 
mercial zinc chloride is made by dissolving zinc in hydrochloric acid and con- 
centrating the solution till it sets when cooled It is then cast into sticks. 
Since zinc chloride is hydrolysed when boiled with water, these sticks contain 
also basic chloride, formed thus 

ZnClj-f HaO=Zn(OH)C14 HCl. 

Anhydrous zinc chloride may be prepared by igniting a mixture of zinc 
sulphate and sodium chloride, when zinc chloride distils over at 730° C. and 
solidifies in the receiver 

Zinc chloride is a colourless substance which is very deliquescent When the 
solid substance is exposed to air it absorbs water rapidly and becomes changed 
into a pasty liquid Its affinity for water is so great that it acts as a dehydrating 
agent Thus it chars cellulose and other carbohydrates when heated with them. 
It absorbs ammonia, forming addition compounds, eg ZnCljNHj When in 
solution it forms a double chloride with ammonium chloride, ZnClg 2 NH 4 CI. 6 H 2 O 
This salt IS not hydrolysed by water, and can be obtained by evaporation of its 
solution Concentrated solutions of zinc chloride dissolve cellulose and aiumal 
fibres, and gelatinise .starch at ordinary temperatures For the latter reason 
it IS used in the preparation of starch pastes, acting simultaneously as a pre- 
servative Owing to its property of becoming hydrolysed with the hberation 
of acid when heated, it is liable to cause tendering in cotton goods. 

Zinc chloride is commonly bought as a concentrated solution of about 1 5 
sp gr The relation between specific gravity and concentration is given in the 
following table — 


Density at 19 5 ° C 

Per cent ZnCl, 

1 (M.'i 

9 

1 091 

10 

I 137 

15 

1 )K(i 

20 

1 238 

25 

1 291 

.30 

1 3.72 

39 

1 420 

40 

1 488 

45 

1 900 

.50 

1 690 

55 

1 740 

60 


G Smith ( J Soc. Dyers and Col , 1921, p 25) gives the following table 
showing the relative efficiencies of different preservatives when nsed with sizing 
mixtures : — 
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Wheat Rout 

Other Starches. 

— 

Zino ohlonde 

Sodium Bilico fluondo 

Bono acid 

Copper sulphate 

Salicylio acid 

Phenol 

Sodium phenate 

Per cent 

8-10 

30 

30 

05 

05 

06 

05 

Per cent 

00 

20 

20 

0 3 

03 

03 

03 


Tests for Zinc Chloride Solution. — When diluted with water no insoluble 
matter should be visible. If present it may be filtered off on a Gooch crucible 
and weighed. When ammonium chloride and ammonium hydroxide are added 
to the diluted solution no aluminium or iron hydroxide should be precipitated. 
If sodium sulphide be now added and the mixture warmed the zinc will be thrown 
down as white sulphide When this sulphide is filtered off and the filtrate boiled 
with ammonium oxalate, no calcium oxalate should be formed If the hquid 
be cooled and strong, ammonia solution and sodium phosphate added, magnesium 
ammonium phosphate will be precipitated if magnesium chloride be present 
Freedom from iron mav be .ascertained by treating a little of the diluted liquor 
with potassium ferrocyaiiide 

The zinc may be e.stimated in the following way . Some of the diluted solution 
is treated with aminonium chloride and ammonia and any precipitate filtered 
ofi. The filtrate is made strongly acid with formic acid and a rapid stream of 
sulphuretted hydrogen passed through the liquid for about five minutes. This 
precipitates the zinc as sulphide The mixture is heated in a water-bath for 
half an hour to coagulate the zinc sulphide After standing for an hour or two 
the sulphide is filtered off on a weighed Gooch crucible, washed, ignited to zinc 
oxide, and weighed ' 

Deliquescents. — ^The term deliquescent is used, in a general way, to denote 
the property of attracting moisture from the atmosphere which is possessed by 
some bodies But, stnctly, it has only a more limited meaning, refernng to 
compounds which become gradually liquid when exposed to moist air Calcium 
chloride and sodium hydroxide are examples. Many other chemical compounds 
attract moisture from the air, but only to a linuted extent, and do not become 
liquid. These are termed hygroscopic. Salts contaimng water of crystallisation 
are nearly all hygroscopic Thus, white anhydrous copper sulphate, when 
exposed to air, combines with water to form blue copper sulphate, CuS 04 . 5 Hg 0 . 
Both deliquescents and hygroscopic bodies are used in dressings to produce a 
particular feel or “ condition ” Some of them, such as magnesium sulphate and 
sodium sulphate, are also weighting agents at the same time. When a de- 
liquescent IS used, the fimshed goods retain more moisture than they would m 
its absence This makes them more liable to be attacked by moulds or bacteria. 
Hence, an antiseptic must be included in the dressing mixture. 

Calcium chloride, CaClg, occurs in sea-water and certain minerals. It is 
obtained also as a by-product in the manufacture of ammonia from ammonium 
chloride, and it may be made by treating lime with hydrochlonc acid When 
its aqueous solution is evaporated, calcium chloride forms colourless pnsms 
containing six molecules of water of crystallisation CaCl,.6H20. When crystal- 
Ime calcium chloride is dissolved in water, heat is absorb^ and the aobition 
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becomes colder But if anhydrous calcium chloride be dissolved, heat is 
evolved, owing to the formation of the crystalline salt, CaClg 6II2O. 

Calcium chloride is extremely soluble m water, as may be seen from the 
following table -- 



Calcium Chlonde dis- 

Temperaturp 

solved by 100 Parts 


of Water 

0“C 

69 

60° C 

126 

100° (' 

1.65 


When crystalline calcium chlonde is heated to 260° C the whole of the water 
of crystallisation is expelled and the anhydrous salt is obtained This is used 
as a drying agent for gases and in desiccators The dehydration takes place m 
stages, diflereut hydrates being formed at fixed temperatures thus 

At 29-8° C CaCla iHgO. 

At 4.5-3° C. . CaCl,.2HjO 

At 175° C. CaClaHjO 

Both anhj'drous calcium chloride and its hydrates ate deliquescent and, like 
many other deliquescent bodies, readily soluble in alcohol. Like zinc chlonde, 
calcium chloride is able to decomjiose many organic compounds, taking hydrogen 
and oxygen from them in the proportions necessary to form water. Its aqueous 
solutions dissolve or liquefy starch and gelatin When a solution of calcium 
chlonde is evaporated it is hydrolysed, but to a less extent than either zinc 
chlonde or rnagnoaiura chlonde Nevertheless, it can produce tenderness in 
cotton dunng singeing or calendenng Calcium chloride, like the corresponding 
compoumls of zinc and magnesium, forms a stable double salt with ammonium 
chloride of the composition CaCla.2NH4Cl 6HgO. 

Magnesium chloride, MgClg, has similar properties to calcium chlonde, but 
IS much more readily hydrolysed by water When magnesium, its carbonate or 
oxide, IS dissolved in hydrochlonc acid a solution is obtained But the chlonde 
IS hydroly.sed so readily by water that the pure salt cannot be obtained by 
evaporating its aqueous solution, magnesium oxychlonde being produced — 

MgCl2+H^O-Mg(OH)Cl+HCl 

But if ammonium chloride be added to the solution, a stable double salt, 
MgClj 2NH4(’1 fiHgO, IS produced, which is not decomposed when the solution 
IS evaporated When this double salt is heated, the water of crystallisation and 
ammonium chloride are expelled and anhydrous magnesium chloride is left 
Like calcium chlonde, magnesium chlonde forms a crystalline compound of the 
formula MgClg.6HgO, and both this and the anhydrous salt are deliquescent 
One hundred parts of water dissolve 53 parts of magnesium chlonde at 0° C , 
60 at 50° C , and 73 at 100° C. Magnesium chlonde is used not only as a de- 
liquescent but, also, to assist in the gelatimsation of starches It is, however, 
dangerous in sizes, as goods containing it become tender when smged. It is hable 
to tender finished goods also. This is jiartly due to hydrochloric acid hberated 
by hydrolysis, and partly to the oxidation of this acid to chlorine by moist air — 

4MgCl8-t-2H,0-f0,=4Mg0-|-4HCl-f2Cl, 
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The following table (Ennen, Maieriak used in Sizing) gives the specific 
gravities of its solutions in water . — 


Density at 
24° C 

Per cent 
Mga,6H,() 

Per cent 
MrCI,. 

Density at 
24° C. 

Per cent 
MgCl,0H,O 

Per cent 

' 10009 

2 

O9H0 


30 

14 040 

1 01.18 

4 

1872 


30 

10 848 


6 

2 808 


40 

18 720 


8 

3 744 

1 1830 

60 

23 400 


10 

4 080 

I 22.52 

60 

28 080 


20 

0 300 

1 2092 

70 

32 700 

1 0016 

26 

12 168 

I 3159 

80 

37-440 


Epsom salt, or magnesium sulphate, occurs native as kiesente, MgS04Hg0. 
When this mineral is treated with water the magnesium sulphate gradually 
goes into solution, the insoluble dirt and impurities being left When the 
clarihed solution is concentrated, small, colourless, rhombic crystals of the 
composition ]!llgS047Hjj0 are obtained Magnesium sulphate is readily soluble 
in water, and forms double comfiounds with alkaline sulphates Thus, with 
sodium sulphate it gives MgS04NajS04Hj0 When heated it gradually becomes 
opaque and crumbles to a powder, owing to the loss of water of crystallisation. 
At 150° C it IS completely changed into MgS04Hj0 At a still higher tem- 
perature (2(X)° C ) it becomes anhydrous. The dehydrated forms have the 
power of attracting and combining with atmospheric moisture Thus, when 
goods are dressed with this body and subsequently dried, they are capable of 
retaining moisture or taking it up after drying, according to the temperature at 
which they have been dned. 

Epsom salt and also Glauber salt (sodium sulphate) are used extensively as 
“ conditioning agents ” for cotton goods But they arc also filling agents, thus 
imparting both weight and condition simultaneously. 

Density of magnesium-sulphate solutions (Ermcn) 


Density at 
15" C 

Per cent 
7H,n 

Per cent 
MrHO, 

Density at 
16° C. 

Per cent 
MgSO, 7H*() 

Per cent 
MgSO^ 

1 0206 

4 097 

2 

■■ipil 

32 780 

16 

1 0412 

8 185 

4 


.30 877 

18 

1 0623 

12 292 

0 


40 975 

20 

1 0838 

10 390 

8 


45 072 

22 

1 1063 

20 487 

10 

1 2722 

49 170 

24 

1 1281 

24 586 

12 

1 2880 

51 726 

25 

1 1508 

28 682 

14 





Wiltem (J. Soc Dyers and Col., 1921, p. 25) states that if cloth be treated 
with Epsom salt, dried, and again treated with the salt, tendenng occurs. It 
is desirable, therefore, to use one treatment only. This may be done on a starch 
mangle, using a solution of 20° to 40° Tw. for a li^t and 60° to 70° Tw. for a 
heavy finish. At concentrations above 70° Tw the salt orystalhses out in the 
mangle bowls and drying cans Goods after treatment become hard when stored 
in a dry, and flabby m a damp, atmosphere. Zinc chloride is generally added 

39 
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to prevent mildew. It is better to use tbe Epsom salt after calendering, as this 
process causes tenderness if the goods already contain it. 

Glauber edU, or sodium sulphate, is found native as anhydrous sulphate, 
and also in combination with calcium sulphate in the form of glauberite, 
NagS04CaS04. It is largely prepared during the manufacture of alkali by the 
Leblanc process Sodium sulphate crystallises from water m the form of colour- 
less pnsms of the composition Na^O^lOHgO. When exposed to air they 
effloresce, losing nine molecules of water. The tenth is given off at 100° €. 
Anhydrous sodium sulphate acts on fabrics in the same way as dehydrated 
magnesium sulphate, but it has no filling properties Its power of attracting 
moisture has already been referred to in connection with water softening. 

The solubility of sodium sulphate in water is peculiar, as seen from the 
following table : — 

100 parts of water at 0° C. dissolve 12 parts of Na,804 1UH,0 


16° C 


46 

2.'i° C. 


lOU 

30° C. 


200 

33° C 


327 

so°-c 


263 

100° c 


233 


When crystalline sodium sulphate is heated gently it melts in its own water 
of crystallisation Further heating causes some of the water of crystallisation 
to be given ofi, and a mixture of Na^04.10H20 with Na2S04H20 or Na2804 is 
formed. If the heating be continued the whole of the water is expelled and 
anhydrous sodium sulphate, NagS04, is obtained It will be noted that the 
solubility in water is greatest at 33° C This is explained by the dissociation of 
NagS04 lOH^O into Naj8O4H20 or Na2S04 and water The forms containing 
less water of crystallisation, or none, are leas soluble than the crystals 
Na2SO« lOHjO 

Sodium-sulphate solution shows also the phenomenon of super-saturation to 
a marked degree. When a solution saturated at 33° C is allowed to cool in a 
closed flask no crystallisation takes place, although much more sodium sulphate 
IS present than is required to saturate the water at the lower temperature If 
the end of a glass rod, a particle of dirt, or a small crystal of sodium sulphate be 
introduced into the liquid, it solidifies immediately to a crystalline mass The 
action of a glass rod or dirt is supposed to be due, really, to the presence of 
very minute crystals of sodium sulphate — that is, the formation of the crystals 
is dependent, always, upon the presence of a similar crystal When sodium 
sulphate is added to a solution containing calcium chlonde, comparatively 
insoluble calcium sulphate is formed. Hence these two substances should not 
be used together. 

Sodium sulphate should be completely soluble in water Its aqueous solution 
should be neutral in reaction, and should give no precipitate with silver mtrate 
When dried at 100° C. it loses about 55*9 per cent, by weight. When 1 gramme 
IS dissolved in water, acidified with hydrochloric acid, and precipitated with 
barium chloride, the barium sulphate produced should weigh 0-724 gramme 
Sodium sulphate should be free from iron and magnesium, or carbonates of 
ammonium or sodium. 

Glycerin or glycerol, CgHgfOHlj, is a tnhydric alcohol. It is obtained as 
a by-product (p. 367) in the manufacture of soap. It is a colourless, viscous, 
sweet-tasting liquid, with a sp. gr. of 1-265 at 15° C It is soluble in water 
in all proportions. Although it does not volatihse at ordinary temperatures, 
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it is volatilised 1>7 steam. But till the concentration reaches 70 per cent, 
only traces are losti When, however, a 70 per cent, solution is boiled, water 
and glycerol distil over together. Pure glycerol boils at 290° (3. under 
atmospheric pressure, but is also decompose It distils unchanged in a 
vacuum at a temperature of about 179° C. When heated gently it volatilises 
completely, leaving no residue, and if ignited it burns, giving rise to acrolein, 
C*H 40 , among other products The smell of acrolein is very charactenstic. 
It 18 produced also when glycerol is heated with a dehydrating agent, such as 
potassium hydrogen sulphate — 

CaHg 0 j=C 4 H 40 + 2 H* 0 . 

When exposed to air glycerol takes up 50 per cent, of its weight of water. It 
IS soluble in alcohol, but insoluble in chloroform, petroleum, ether, benzol, or 
carbon bisulphide It has a abght reducing action on Fehling solution, 
samples of glycerin should contain from 95 to 98 per cent, oif glycerol 
strength may be determined accurately from the specific gravity of the 
at 15° C Thus 


Percentage of 
(Jlyeerol 

Specific Gravity 
at 15° C 

100 

1 2660 

99 

1 2625 

98 

1 2600 

97 

1 2676 

9(1 

1 2650 

95 

1 2526 

94 

1 2499 

93 

1 2473 

02 

1 2447 

91 

1 2421 

90 

1 2395 


Fireproofiiig Materials. — The selection of the fireproofing agent and the 
process adopted depend largely upon whether a temporary or permanent effect 
IS required 

A temporary fireproof dressing is impartgd by treatment with a solution of 
a salt which, when heated, gives off non-inflammable vapour, or which fuses at 
a comparatively low temperature. Volatile salts, such as those of ammomum, 
act to a certain extent because, when the fabric is brought into contact with a 
flame, their vapours displace the oxygen in its immediate neighbourhood. If at 
the same time they leave a relatively fusible residue they are still more efiective 
Among the bodies used in this way are — 

Metallic oxides, such as tin oxide or alumina. 

Compounds of ammomum, such as chloride or phosphate. 

Sodium phosphate, borate, silicate, tungstate, alum, or magnesium sul- 
phate 

In many cases it is sufficient to mix the materials with the dressing nuxture, 
but where the goods have to stand washing, the fireproof agent must, if possible, 
be precipitated in the fibre by means of double reaction before the application of 
the dress, which may also advantageously contain a fireproofing mixture. Thus 
the goods may be soaked in a solution of alum and then passed through a dilute 
alkaline bath ; or alternate baths of alum or magnesium sulphate and sodium 


Good 

Their 

sample 
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phosphate may be used. The fixing of the reagents is assisted by steaming, but 
many of the processes are covered by patents.- 

The following are the more important characteristics of some of the chemicals 


Tin <mde, Sn02, is a white powder made by treating tin with nitric acid. 
When metallic tin is heated with strong nitric acid, a white insoluble residue of 
metastannic acid, (1128003)5, is formed This is filtered off, washed, and dried, 
when it loses water and leaves a residue of tin oxide, 8n02 — 


H,SnOj= H, 0 +8n02. 

The oxide also occurs native as tin stone. When heated, tin oxide becomes 
yellow or brown, changing again to white when cooled It is insoluble m acids 
and alkalis, but when heated with sohd sodium or potassium hydrate, forms 
NB2Sn023H20 and KjSnOsSHjO, known as stannates and also metastannates, 
K2Sn034Sn024H20 and Na28n()348n024H20 The stannates are soluble, and 
hence may be used in solution, the acid being liberated on the goods by treatment 
with a mineral acid and converted into tin oxide by diying — 

Na28ii03+2HCl=2NaCl4-H,Sn03. 

H,Sn 03 =H, 0 + 8 n 08 . 

Perkin’s process for the treatment of flannelette may be mentioned The 
matenal is impregnated with a solution of sodium stannate of about 45 ° Tw. 
strength, squeezed and dried It is then passed into a solution of ammomum 
sulphate of 15 ° Tw This causes the prwiuction of ammonium stannate and 
sodium sulphate — 

Na, 8 n 0 s+ (NH5)2804= (NH4)28n03+No*S04 

When the goods are dned the stannate is decomposed, leaving tin oxide firmly ■ 
fixed in the fibre. The sodium sulphate is then removed by washing with 
water — 

(NH4)2Sn03=Sn02+2NH*+H20. 

Silicates — Insoluble silicates, such as talc, which has already been described, 
may be used ; or soluble sodium sihcate, generally known as soluble glass. It 
dissolves in water, and the solution, when acidified, gives a gelatinous precipitate 
of silicic acid, Si(OH) 4, which, on drying, yields silica. 

Silica may be de^iosited on a fabric in this way. If an insoluble silicate is 
required, it _ may be produced by treating the fabnc successively with solutions 
of sodium silicate and a soluble salt of the metal whose silicate is desired. Thus 
magnesium silicate may be obtained from sodium silicate and magnesium 
sulphate — 

Na2SiOa+MgS04=MgSi08+Na2S04. 

■v 

Borm, Na2B4O7l0H2O (p 362 ), is a white, crystalline substance which is 
readily soluble in water. When heated it loses its water of crystallisation, and 
swells up, forming a porous mass. 

Caletum borate, CajEfOxi, ** found native. Other borates may be prepared 
by double decomposition by the addition of a solution of a soluble sdt of a 
metal to one of sodium borate. Thus, if zinc sulphate be added to the solution of 
borax, a pTwipitate of zinc borate is obtained. Most of the borates have, how- 
ever, a variable composition, and are generally hydrolysed by water, with the 
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liberation of boric acid. Fabrics treated with them must not, therefore, be 
subjected to prolonged washing. 

Compou^s of Aluminium. — The oxide, sulphate, phosphate, and the 
alums have all marked fireproofing properties. 

Alummium oxide (or alumina), Al^Oa, may be obtained by igniting ammomum 
alum, or the hydroxide which is precipitated when ammonium hydroxide is added 
to a solution of an aluminium salt It is a white amorphous body which, after 
strong igmtion, is insoluble in hydrochloric acid. In its hydrated condition it 
dissolves readily in acids, forming the corresponding salt of aluminium. But 
it is soluble alro in alkahs, giving rise to salts termed alununates. That is, 
it has both acid and basic properties — 

2Alj(OH),+6HCl=Al,Cl,-|-3HjO, 

Alj(OH),+6NaOH=2Al(ONa)3+3HiO. 

The aluminatea are readily decomposed by carbon dioxide with the liberation 
of aluminium hydroxide — 

2Al(ONa)a+3COj+3HjO=3NajCOg+Als(OH)e. 

Ignited alumina, although insoluble in acids, may be converted into sodium 
aluminate by fusing it with sodium hydroxide A solution of sodium aluminate 
is decomposed when treated with an ammonium salt, such as ammonium chloride, 
the hydroxide being precipitated — 

2Al(ONa)3 +6NH4Cl=6NaCl+2Al (ONH^jj, 

2A1(0NH«),= Ala(0H),+6NHs. 

Alumina may be deposited on a fibre by means of these reactions 
Aluminium sulphate is found native in two forms, viz. — 

AljfSO^ljlSHjO hair salt 

Al3(S04),3Al3039H30 alumimte 

The normal sulphate may be made by dissolving aluminium hydroxide in 
sulphuric acid. It is chiefly prepared from a mineral termed bauxite by heating 
it with sodium carbonate in a furnace. This produces soluble sodium aluminate, . 
the accompanying iron oxide remaining insoluble — 

Al*0,+3Na3C0,=Al,0,3Na30+3C0*. 

The sodium aluminate is dissolved out with water, and treated with carbon 
dioxide, which throws down aluminium hydroxide — 

Al,0,3Na,0+3H,0+3C03=3Na,C03+2Al(0H)3. 

The aluminium hydrate is collected and washed, and then dissolved in sulphuric 
acid and the solution evaporated. Sodium aluminate may also be made from 
cryolite, AlgFjfiNaF, by boiling it with milk of bme — 

AljF,6NaF+6Ca(0H)a=6CaFj+6H30+Al3083Naj0. 

The sodium aluminate is then treated as before 

The alums are double salts of alumimum sulphate and a sulphate of a mono* 
valent metal; ammomum and potassium alums are the most important. 
Potassium alum is obtained in the form of octahedral crystals, when a sidu- 
tion containing molecular proportions of aluminium and potasuum sulphate » 
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allowed to cryetallise. Other alums are obtained in a similar manner. The 
alums crystallise with twenty-four molecules of water. Thus : 

Potassium alum Al2(S04)3 K2SO4.24H2O, 

Ammomum alum Als(804)g(NH4)gS04.24Hg0. 

The alums are readily soluble in water. When the crystals are heated they 
melt in their water of crystallisation, and then, after the water has been expelled, 
become decomposed with the evolution of sulphur tnoxide, leaving a mass of 
alumina and the monovalent sulphate. In the case of ammomum alum, the 
ammonium sulphate is also decomposed and only alumina remains — 

A 1 *(S 04 )j (NH 4 )gS 04 24HgO=AlaOs4-480s-f-2NH3-l-25HaO. 

The properties of a solution of alum are exactly the same as those of one contain- 
ing the constituent sulphates. Their aqueous solutions are acid to litmus paper, 
owing to the fact that a certain amount of hydrolysis takes place, resulting in 
the formation of a basic salt of aluminium — 

Alj(804)3+2H30^Ala{804)3(0H)3+H3804. 

These basic salts arc produced also when limited quantities of alkali are added 
to a solution of an aluminium salt or alum, the acid radicles being successively 
replaced by hydroxyl groups until ultimately alumimum hydroxide is produced — 

Al2{S04)a-h2Na0H=^Al3(S04)g{0H)3+Na3804, 

Ala(804)3+4Na0H==^Al3SO4(0H)4-|-2Nag8O4, 

Al2(S04)3-t-6Na0H:5=i:Al3(0H)3-|-3Na3804 

And finally with excess of sodium hydroxide — 

Alg(0H)e+6Na0H=Alg(0Na)e-t-6H30 

Basic salts of aluminium are less soluble in water than the normal salts. When 
their solutions are diluted or boiled they become more basic and consequently 
form a precipitate. Thus 

Alg(S04)g(0H)g+2Hg0^Alg804(0H)4+Hg804. 

This reaction is reversible, solution of the more basic salt taking place when the 
mixture is cooled. But if cotton be boiled with a solution of a basic salt much 
of the alumina is precipitated on the fibre. If it be then taken out of the hot 
bath and treated with a solution of sodium carbonate or ammonia, the aluminium 
IS precipitated and is retained firmly by the fibre This process is used in 
mordanting cotton, and is available also for fireproofing purposes 

Aluimmum acetate, Al2(CgHg02)3, is also a useful fireproofing agent, giving 
at the same time a waterproof effect 

Phogyihates . — The chief phosphates used in fireproofing are those of ammonium, 
sodium, and aluminium. 

Alurntmum phosphate may be produced by precipitation, and has considerable 
value as a fireproofing agent. The cotton may be padded with a solution of 
aluminium sulphate, then treated with one containing sodium phosphate, and 
finally washed and dned. Or a cold concentrated solution of alumimum sulphate 
is treated with a solution of ammonium phosphate tlU no more precipitate is 
formed. A concentrated solution of ammomum chlonde is then added till the 
precipitate is ]ast dissolved. The goods are padded with this solution and 
dned 
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Ammonium phosphates. — There are three ammonium phosphates, viz. — 

Monoammonium phosphate . NH^HjPO^, 

Diammomum phosphate . (NH4)2HPOt, 

Tiiammomum phosphate . (NH4)3POf. 

The most important is microcosmic salt or sodium ammonium hydrogen phos- 
phate, NaNH^HPO^. 

All these phosphates are colourless crystalline bodies, readily soluble in water. 
When heated they are decomposed, giving ammoma and phosphoric acid or 
metaphosphoric acid Thus the normal phosphate first becomes changed into 
diammomum phosphate, which on further heating forms metaphosphoric acid 
(HPO*)- 

(NH4)3P04=NHad-{NH4)3HP04, 

(NH4)gHP04=2NH3-|-H30-l-HP03. 

Microcosmic salt, when heated, yields sodium metaphosphate in accordance 
with the equation 

NaNH4HP04=NH8-t-H30-l-NaP03. 

Sodium Phosphates. — There are three sodium phosphates, viz. — 

Trisodium phosphate . . . Na3P04 bHjO, 

Disodium hydrogen phosphate . Na2HP04 I2H3O, 

Dihydrogen sodium phosphate . NaH2P04 H^O 

Common sodium phosphate is disodium hydrogen phosphate. It is made by 
dissolving bone ash, le calcium phosphate, in sulphuric or hydrochlonc acid 
and adding a solution of sodium carbonate — 

Ca3(P04)3+H,804=Ca804-fCa3H3(P04)3, 

CaaHj(P04)a+2Na,C03=2CaC08-|-2Na3HP04 

It forms colourless crystals with the formula NagHPOa 12HgO It is readily 
soluble in water, its solution being alkaline to htmus. When it is neutralised 
with sodium hydroxide, crystals of trisodium phosphate, NajPOa bHgO, are ob- 
tained This also has an alkaline reaction. If ordinary sodium phosphate or 
tnsodium phosphate be treated with dilute acid or carbon dioxide, it is converted , 
into the dihydrogen phosphate, which is acid to htmus — 

Na,P04-f2C0g-t-2Hg0=NaHgP04-f2NaHC0s, 

NagHP04-f-H,P04=2NaHgP04. 

The sodium hydrogen phosphates are converted, when heated, into either salts 
of metaphosphoric acid (HPO3) or of pyrophosphonc acid (H4P2O7). Thus. 

NaH,P04=Hg0-f-NaP08, 

2NagHP04=Hg0-fNa4Pg07. 

Sodium pyrophosphate is a colourless compound which dissolves readily in water 
and confers considerable fireproof properties upon fabrics treated with it. 

Ammonium Solis. — The phosphates of ammomum have been mentioned 
before. In addition to these, ammomum chloride and sulphate are also used. 

Ammonmn cKlonde, NH4CI, is obtamed by neutralising ammomacal gas 
liquor with hydrochloric acid and evaporating to dryness It may also be made 
by heating ammomum sulphate with sodium or calcium chloride If calcium 
cUoiide be used, the reaction may be earned out in solution, the precipitated 
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calciom sulphate being filtered oS and the ammonium chloride obtained by 
crystallising the filtrate. When the reaction is carried out in the dry way, the 
ammonium chloride volatilises and is allowed to deposit in a cooling chamber, 
where it forms a hard fibrous mass. Commercially the two varieties are dis- 
tinguished, the former being termed munate of ammonia and the latter sal 
ammoniac. 

Ammomum chloride is a colourless crystalline substance with a salt-like taste. 
It 18 rather hygroscopic. It dissolves readily in water. When its aqueous 
solution is boiled it is hydrolysed to a slight extent, and the solution becomes 
add owing to the escape of the volatile ammoma — 

When the salt is heated it volatilises without melting, and if the vapour be heated 
strongly it dissociates into ammonia and hydrochloric acid, which recombine on 
cooling. 

Ammonium sulphate, (NH4)tS04, is prepared by neutralising sulphuric acid 
with ammonia. Like ammomum chloride it is a readdy soluble, somewhat hygro- 
scopic colourless substance. It is also hydrolysed when boiled with water, and 
volatilises when heated. Owing to this dissociation, solutions of ammonium 
salts should be made alkaline with ammonia before drying them into cotton 
fabrics, or otherwise acid tendering may result. But they form double salts 
with magnesium which are quite stable and may be dried without decomposi- 
tion, eg. MgCl,. 2 NH 4 Cl 6 HgO, or MgSO^fNH^ljSO^.fiH^O. These can be used 
without danger of liberation of acid. 

Sodium Tungstate . — Tungstic acid, WOj, is prepared by heating native 
calcium tungstate, CaW04, with nitric acid. It is an inso^ble yellow powder, 
which gives nse to a number of salts known as tungstatesr Soium tungstate 
IS prepared from it by treatment with sodium hydrate — 

W0,-t-2N80H=NaaW04-fH,0. 

It 18 a whitish compound which is soluble in water, and is the most efficient of 
all known fireproofing agents. 

Sodium tungstate is used in aqueous solution either alone or mixed with other 
■ bodies, such as borates, alum, etc. 

Waterproofing Agents. — ^A waterproof finish is often required for cotton 
goods. The materials used to obtain this effect are very vaned. They may be 
mixed with the finishing mixture, or applied separately after fimshing. In the 
case of piece goods there are two kinds of waterproof efieots, namely, ( 1 ) water- 
proof and airproof, and ( 2 ) waterproof but not airproof. The method used 
depends upon which effect is desired. With veilings and open goods only water- 
proofing need be considered. In the case of goods dressed with gelatin, insoluble 
formaldehyde gelatin may be produced either by exposure to formaldehyde 
vapour or by passing through a bath of diluted formalin and then drying. Casein 
may be used in a similar manner, or it may be rendered insoluble by a bath of 
dilute acetic acid Tannate of gelatin is another substance which may be 
employed. To produce this, the goods are soaked successively in solutions of 
gelatin and tannic acid Gelatin forms insoluble compounds with the oxides 
of chromium and aluminium. If alum and gelatin are incorporated with a 
dressing mixture a certain amount of msolubihty in water is imparted to it 
on drying 

Insoluble soaps are often made use of. Those of the metals, calcium. 
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magnesium, banum, zinc, and aluminium, may all be produced by double decom- 
position. Aluminium soap is employed largely. The fabric is soaked first in a 
solution soap, and then after squeezing in a bath containing alum. The reaction 
in the case of sodium oleate is 

Al*(S04),-f6C„H3jC00Na=3Na880«-|-2Al(00CCi,H33)3 

It is then dried and ironed, or heated, to melt the aluminium soap The soaps 
of the heavy metals are not very stable. It has been mentioned already that 
they are liable to become discoloured on exposure to air They are not, therefore, 
very suitable for white goods The soaps of carnaubic acid, Cg4H4g03, are the 
most stable and have excellent waterproofing properties. The zinc soap may be 
used. 

This soap and many other zinc soaps are soluble in benzene, and may be 
applied as a dressing m the form of a solution 

Paraffin, or other waxes, may be applied to the surf are of a dressing during 
calendering, or as a solution in a volatile solvent which is subsequently driven 
ofi by heat. Montan wax has great waterproofing properties 

Solutions of various other bodies m volatile organic solvents may also be 
employed Among these are shellac, cellulose acetate, and rubber. Cellulose 
tetra-acetate dissolved in acetone or tetrachlorethane has excellent waterproofing 
properties. 

Oxidised oils are suitable in some cases If a cotton fabric be impregnated 
with a drying oil, such as linseed oil, poppy-seed oil, or tung oil, and exposed to 
warm air for some time, a perfectly waterproof, resinous film is formed, which 
18 also pliable 

Cellulose products, such as cuprammomum solution or viscose, are applicable 
for the production of hmited waterproofing effects. The fabric may be padded 
with a solution of cellulose in an ammoniacal solution of copper oxide. The 
excess of ammonia is then removed by dinunished pressure and passed into 
sulphuric acid. The fabric is then treated in a bath of dilute acid to dissolve 
the copper oxide, washed with water, and dried Or the cotton may be treated 
with a solution of viscose and, after drying, passed into a cold bath of dilute 
acid or bisulphite to precipitate the hydrated cellulose, and then washed and 
dried 

Alununa is the most useful of the waterproofing agents, since it leaves the 
fabric permeable to air. A basic salt is generally used, which readily precipitates 
alumimum oxide when dried, and aluminium acetates are the most smtable. 
Basic acetates of aluminium are obtained by treating a solution of alumimum 
acetate with less sodium carbonate or bicarbonate than is required for complete 
decomposition. Thus . 

Al4(C,H.02),+ NaHC0s=Al3(C*H30,)B0H-|-NaC3H304-l-C03, 

Al3(CaH80,),-i-2NaHC0a=Al*(CsH30g)4{0H)3-f2NaC*H30a+2C03, 

Ala(CaH3Oa)9-l-3NaHC03=Ala(CaH8Oa)3(0H)3+3NaCgH3Og4-3C0a, 

Alj(CaH30a).-(-4NaHC03=Ala(CaH30a)a(OH)«+4Na(laH80a+4COg, 

Ala(CaH80a),-f-5NaHC03-A]a(CaH30a)(OH)5+5NaCaH30a+5COa. 

Solutions of basic acetates are decomposed on drying or heating, and the tem- 
perature at which this takes place decreases as the basicity increases. They are 
decomposed, also, by dilution with water if potassium or sodium sulphate be 
present. When a basic acetate is decomposed by drying, acetic acid is hberated. 
Thus: 

Ai,(CaH,Oa)4(OH)a-l-4HOH=Ala(OHh,4-4CaH40a. 
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On complete drying alunumum oxide, Alf 03 , is formed — 

Al,(OH),=Al,Oa+3HsO 

A basic solution of alumimom acetate can be made, also, by treating a solution 
of alumimum sulphate with lead acetate and sodium carbonate, and in this case 
sodium sulphate is produced also — 

Al»(S04)3+NagCOs+2Pb(CjHj03)j+H80 

=Al3(CaHs03)3(0H)8+2Pb804+Na3S0,-f COj 

These solutions, containing sodium sulphate, give up practically the whole 
of their alumina to cotton, m an insoluble condition, when dried or when cotton 
IS boiled in them Thus, the goods may be either impregnated and dried, or 
boiled for some time in the liij^uor 

The following illustrations of the methods used are given by Polleyn (Dresungs 
and Ftnishngs for Texlde Fatfrta, p 195) — 

1 The fabnc is impregnated with a solution of a basic aluminium salt, pre- 
pared as described above, and dried 

2 Lead acetate (30 parts) and aluminium sulphate (30 parts) are dissolved 
separately m 500 parts of water The two solutions .ire mixed and, after allowing 
the precipitated lead sulphate to settle, the clear liquor is drained oil and used 
for impregnating the fabric, which is then dned 

3 Calcium acetate may be used instead of lead acetate in Method 2 

After impregnating with aluminium acetate and drying, goods are sometimes 
worked in a bath of soap and then dried and calendered In this way aluuuniuin 
soap lb produced, melted, and equally distributed throughout the fabric The 
waterproofing eilect is increased, but the fabric tends to become airproof also 
The soap bath may contain also such bodies as paraffin or other waxes The 
following illustration of such a bath is taken from the Tenide Recorder Year Book, 
1923, p 249. After drying, the material is passed through a boihiig bath of 
700 litres of water containing — 

15 kilo soap 
8 „ stearin 
8 „ paraffin 
8 „ beeswax 
10 „ glue 
5 „ linseed oil 
1 „ ammoma 

After passing through this bath the matenal is passed immediately into a bath 
of aluminium acetate (2” Be ), squeezed, and dri^ for forty-eight hours at 95“ F 
It 18 then moistened slightly and calendered 

The Tate electrolytic waterproofing process («1 Soc Dyers and Col, 1922, 
p 22) IS applicable to cotton fabrics The apparatus reqmred (U S Pat 933861, 
1909) consists of (o) two troughs in which sodium oleate is placed, (b) smtable 
guide and draw rollers, and (c) vertical electrodes The anode consists of an 
aluminium plate, 1 inch thick, 18 inches wide, and 5 to 6 feet long It is com- 
pletely enveloped in a heavy woollen pad The cathode consists of eight graphite 
bats, each of which is 1^ inches thick, 2 mohes wide, and the same length as the 
anode They are spaced ^ of an inch apart, and their ends fit loosely between 
m^tal guides which are inchned downwards towards the anode The 
IS drawn between the electrodes, and when a seam amves, each graphiti Jsar, 
m turn, is Caused to move backwards and upwards until it has passed, the bar 
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then falling back to its original position. By means of a spring device attached 
to the graphite bars, the operator can mamtain a constant tension on the matenal, 
regardless of its nature and thickness The cotton goods are destarched and 
freed from foreign matter. They are then saturate with the sodium-oleate 
solution in the troughs, and pass upwards over a brass roll and then downwards 
between the electrodes. Alunumum acetate solution is distributed on to the 
matenal by means of ducts cut at an angle of 45° on the contact fact of each 
graphite segment. The angles are reversed on each alternate segment so that 
the alunumum acetate flows down the fabnc in a zigzag path, which ensures 
an even distribution. Ducts are provided for drawing ofi the surplus bquor, 
thus preventing the breaking down of the insulation of the electrode supports. 
When starting an operation the woollen pad is first saturated with water, but 
no more water is necessary during any one operation. The active alunumum 
hydroxide formed at the anode is taken up by the pad and distnbuted evenly 
over the surface of the fabric undergoing treatment, and is probably carried into 
the interstices of the material owing to the fact that the alumimum hydroxide 
is positively charged and is attracted to the cathode The fabnc next passes 
through a bath of running water direct to the squeezers It is then passed 
through a second soap bath and the operation 'repeated with reversed electrodes. 
Four treatments are necessary. 

The waterproof properties of veihngs are tested generally by soaking them 
for some time in water and noting their condition. Fabrics may be tested by 
the method of Dannerth (Methods of Textile Chemtstry, p. 53) 

“ A sample about 2| inches square is stretched across the mouth of an ordinary 
thistle tube, taking care that the sample contains no selvage, as this is generally 
more pervious than the fabnc proper. Fasten the sample securely by means 
of a stnng around the neck of the tube so that the face of the goods will be 
toward the inside, i e. toward the water The thistle tube is filled with distilled 
water at 20° 0 , is supported by a clamp above a graduated cylinder, and the 
amount of water passing through in five hours and in ten hours is measured in 
cubic centimetres. A fabric which allows no water to pass through in ten hours 
is considered first class. Another point which may be observed is the time which 
elapses before the appearance of the first drop on the outer surface ” 
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MANGLING, DRYING, AND CONDITIONING. 

The initial proress in iiniblung of cotton piece goodti ib the traneforination of the 
rope into the open width and correcting the mechanical strains which it has 
snfiered 

As previously mdicated (Chapter XVI ), the manipulation of the cloth in the 
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rope form terminates at the scutcher, where, by means of governed scroDs and 
beaters, the twists in the cloth are taken out or beaten back and the cloth is 
deliver^ in the open width It is then usually treated with a hot wash in a 
water mangle in the open form, to remove the last remaimng traces of dirt. 
This process presents the first opportunity of straightemng out the distortion 
of the weft threads acquired while in the rope form, and of recovering the width 
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lost in thfi croft. The pressure applied in this mangle imparts a degree of 
permanence to the recovered width 

The treatment in the water mangle may be further employed according to 
the kind and pressure of the mps, to considerably close up the threads and 
smooth out the surface of the cloth, thereby assisting in the production of the 



required finish. The advantage of producing these eifects at this early stage is 
that the cloth is then more capable of accommodating itself to the closing action 
than after a possible overdrying, which would have the effect of more or less 
fixing the physical structure of the fibre. On the other hand, it is possible to 
overdo the imtial manglmg of the cloth and detract from its capacity to respond 
to the subsequent operations by excessively reducing the resilience of the fibre. 
Hgs. 199 and 200 respectively illustrate a three'bowl and a six-bowl water 
mangle, the threading up of cloth in fig. 200 being according to the procedure 
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known as “ chasing.” Although this is only one of several methods of threading 
up, it may be briefly referred to. 

Chasing implies the re-entry of the cloth through one or more of the nips 
through which it has already passed, so that there are simultaneously two 
thicknesses or layers of cloth at such a mp, one of them passing through it for 
the first, and the other for the second time 

The process may be further extended to effect a double or treble chase, so 
that m each nip in which this state occurred there would be three or four layers 
of cloth respectively The effect of chasing is to produce a thready appearance 
on the contiguous faces of the cloth. The threads on such surfaces are pressed 
against each other, and m a sense emboss their form on each other The tend- 
ency is to round rather than to flatten the threads, and at the same time the 
closing-up effect is enhanced Thus the cloth may be passed once, twice, or 
three times round the mangle. The last-mentioned method is mostly applied 
to fine shirtings requiring considerable closing and when they call for “ second- 
time ” mangling 

The water mangle shown in fig 200 is often referred to as the first-time 
mangle ; and an identical machine, but for the water box, is called the second- 
time mangle The cloth is run in sequence through the two machines so that 
it gets sufficiently dried for immediate treatment in the stiffening mangles. 
Owing to the smaller cost of tin drying (i e drying on the drying machine or 
“ tins ”), the second mangling is generally omitted, and the cloth chased through 
the first-time mangle to increase the closing effect, and also because after chasing 
the cloth presents a face more favourable to the retention of a heavy filling than 
if merely flattened by ordinary mangling. 

The application of heat to the upper brass bowl, and the heating of the copper 
cylinder over which the cloth passes during chasing, swells the thread (while still 
damp) and enhances the subsequent closing 

The mechanical features of these machines arc in the mam typical of a class 
which includes various kinds of mangles and calenders, characterised by a senes 
of bowls, or rollers, who.se centres lie in a vertical plane, and whose extensions, 
or necks, are supported laterally by hard brass blocks, bolted to the cheeks of 
the frame The pressure between the bowls, or the amount of “ nip,” is effected 
by the superior weight, including that applied through compound levers upon 
a thrust block usually beanng on the necks of the top bowl. 

The pressure can be further increased by locking the upper lever and applying 
“ dead set ” by tightemng the thrust screws which communicate between the 
top lever and block A suitable adjustment of pressure on each side of the bowl 
IS obviously essential for uniform effect across the width of the cloth. The 
weight required on the driving side is, in practice, somewhat less than must be 
applied to the other, but in any case the test for correct pressure is to inspect 
the selvages of the cloth to see if they are equally moist. It will sometimes be 
found that the dark appearance accompanying relative dampness appears in 
streaks, say in the middle of the cloth This indicates some irregularity on the 
surface of the bowls, for which the remedy is scraping The surface at which 
the cloth bears against the bowls is liable in time to wear a depression in them, 
and then the outer surfaces require scraping to the common level 

The degree of pressure, the composition and arrangement of the bowls, and 
the mode of threading up the cloth are the mam factors in determining the 
effects produced by the mechanical treatment of cloth in machines of the roller 
type^ This general statement must be quahfied by reference to the method of 
cMvingi viz. whether the peripheral speed of the bowls be uniform or otherwise. 
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and alao to the chaTacter and pieviouB treatment of the cloth. The significance 
of these several features will be considered subsequently. 

Beverting to the water mangle, whose characteristic feature is the employ- 
ment of a water box, through which the cloth is tun before it enters the nip, it 
was noted that it served incidentally to effect the recovery and partial fixture of 
width of the cloth. 

The opening out of the width is effected by means of an expander, as described 
below. This apparatus is also applied to other machines, through which the cloth 
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subsequently passes, but u.sed in such cases to maintain the width initially gained, 
and counteract as far as po.ssible the shght shnnkages that may occur at vanous 
stages. 

Before reaching the expander, the cloth is first tensioned, by passing under 
and over wooden " .stave " rails, and is then usually straightened by passing it 
over a scrimp rail The “ scrimp rail ” or “ fi,sh beck ” (see fig 201 ) is a gun- 
metal ]>late cut with .sharp diverging serrations or teeth, on a curved surface, 
such that the cloth passing over it in a state of tension is induced to follow the 
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direction of the teeth These straighten out the creases, and the cloth proceeds 
in a straight and even condition to the expander 

Senmp rads are also made of porcelain, which is perhaps the most satisfactory 
material on account of its durabihty and cleanliness 

The expander is placed as close to the nip of the bowls as its diameter will 
permit, so as to reduce the intervening distance in which a relapse of width may 
occur in the cloth. The best apparatus is a rotatory “ float ” expander, which 
is driven round by the cloth and consists, as m fig. 202, of a series of cutter 
rails which engage with and follow the cloth. In the penod between which the 
cloth tangentially meets and leaves the expander, a lateral motion is continually 
imparted to the revolving rails, which separate outwardly, and, carrying the 
cloth with them, stretch or widen its face. 
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The divergent motion of the rails is effected by their internal engagement 
with a stationary cam, which can be inclined to vary the degree of stretching. 
The mtenor spiders, etc., should be of brass, especially for a water mangle, and 
the shaft strong and rigid, but the whole as light and easy-running as possible, 
so as not to strain delicate cloths which may have to dnve the expander. Another 
form of expander is shown on the mangle in fig 199, in which the diameter is 
smaller than that of the normal type, ie. 9 inches. A diameter of 9 inches is 
found in the case of the float expander to best combine the advantage of a large 
arc of contact, light weight of expander, and nearness to the nip. 

The middle bowl of the smaller three-bowl mangle, also called “ scutcher ” 
mangle, which is used for lighter goods in which the closing of the threads is a 
secondary consideration, is made of brass, and the outer two of sycamore or 
cotton The sharp brass and wood nips serve to sufficiently flatten and brighten 
the surface of light goods 

The delivery of the cloth from mangles and calenders is effected either by 
batching or plaiting In the batching method the end of the piece is wrapped 
round a wooden roller of 4 inches diameter, with a stud projecting at each end 
for riding on inclined arms or swinging levers so that the batch is rolled up by 
the frictional contact with the bowl 

An alternative method of delivering cloth is by a plaiting apparatus as shown 
at the back of fig 199, in which the cloth is fed out tnrough a pair of rollers, and 
during its descent is automatically folded backwards and forwards in laps into 
a wagon 

The batching system economises space, Imt has the disadvantage of waste of 
time, and is very liable to cause dirt and broken ends It is the most convenient 
way of delivering the cloth from some machines, as, for instance, when chasing in 
the water mangle or calender, when the cloth emerges at a nip facing the chas- 
ing rollers But wherever possible, plaiting should be adopted for the sake of 
cleanliness, output, and reduction of damage and dirt For example, a wagon 
of cloth can be brought to a mangle, and before it is emptied the cloth in a 
second wagon can be joined up to it, and this continuity obviates the iieiessity 
of stopjnng the mangle to join up consecutive batches 

Dr^ng previous to Finishing. — After the wet mangling process, the goods 
are generally dried or partially dehydrated before the application of the finishing 
material. In some cases, however, as when a light starching is required, the-* 
stiffening is applied to the cloth immediately it leaves the water mangle or 
scutcher. 

Fig. 203 shows a horizontal drying machine by Riley & Co of Bury. It 
consists of a scries of steam-heated cylinders of tinned iron or sheet copper. A 
modern method of feeding with hve steam and removing the condensed water 
18 shown in section in fig. 204, as applied by Sir James Fanner & Sons, Ltd., to 
an ordinary 22-inch cylinder The cloth is fed to the machine through tension 
and scrimp rails to keep it straight, or an expander is sometimes employed for 
this purpose, and also to counterbalance any loss of width in drying (see fig. 203). 
It IS then traded under and over consecutive cylinders, and dehveied at the 
other end through a plaiting machine, or rolled into batches on a drum. 

Twenty-three cylinders form a convenient number for general work. Where 
space 18 limited, the cylinders are arranged in two vertical tiers connected by a 
short horizontal range at the top (fig. 205). One range of cylinders may be 
replaced by winces when it is desirable to apply tbe heat to only one face of the 
cloth. This, for example, would occur when only one side had been starched, or 
a pattern bad to be raised. 
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Fig 20+ — Farmer s improved cylinder driing machine 
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This effect is, however, more frequently produced by passing the cloth over 
the cavity cylinder described below. This allows longer contact with the heated 
surface, and thus also greater swelling of the pattern threads on the unheated 
Bide. This swelling action is eqmvalent to steaming, and is sometimes replaced 
by the use of direct steam delivered from a suitable perforated pipe at the entry 
end of a clip stretcher. 

All drying cylinders arc provided with an automatic air inlet valve to prevent 
the formation of a vacuum by condensation of steam when the machine is stopped, 
or when the steam is first admitted Absence of water in the cylinders should 



Fn. 20() Cavitj cyUudei 

be ensured by revolving them before the entry of steam. When the steam 
pressure reaches tlie inaxinium for which the cvhnder is designed it is blown off 
by a safety-valve 

The drying machine is frequently employed in conjunction with a starch 
mangle, as in fig 203, or with the mterjiosition of a clip stretcher, or weft 
straightening and stretching machine so as to form part of a continuous finishing 
range. A special case is that of drying the cloth coming direct from a back 
filling mangle As the cloth leaves the machine the adhesion of the starch may 
be such that it will not at once withstand the mechanical contact with the 
heated surface or a wince, or it would be pressed through to the wrong side 
of the cloth, or plucked off on to the face of the cyhnders. A slight pre- 
liminary heating is then applied in the intermediate stretching machine by 
means of steam coils, which cause a draught of hot air to rise through the 
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cloth. An alternative is to increase the diameter of the first, or first three 
drying cylinders. 



An exceptional case is the drying of cloth as it passes from the skimming 
back starching mangle (Chapter XXXI.), and nsed especially for starching 
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thickly one side only cd low doth. The tempotary difficulty of retaining the 
liquid paste intact until dried is met by making the size of the first cylinder 
14 to 16 feet diameter, as shown in Rigby & MeUor’s cavity cyhnder (fig. 206), 
so that the starch is sufficiently firm by the time it has gone round this 
cylinder to stand the subsequent manipulation. Other methods of drying are 
by means of stoving in hot air, but this is practically superseded by the 
methods subsequently described in the section on stentenng. 

The “ condition ” or degree of moisture left in the cloth has an important 
efiect on the subsequent processes, as also has the temperature of the cloth 
Thus in beetling and calendenng a moderate degree of moisture, without heat, 
18 conducive to a soft finish, but the same amount in cloth that has not yet 
cooled down would cause a harder finish. Considering the question of condition 
apart from temperature, a slight conditioning is favourable to a soft finish and 
an increased amount to a harder finish, but if the amount of moisture be 
excessive, and the cloth “ drowned,” the finish is spoilt. A degree of moisture 
must usually be introduced before stretching, to increase the strength or 
elasticity of the cloth The effect of complete drying is to render the cloth 
inelastic and to harden the fibre It is also obvious that the drying of the 
starches and other filling materials loading and clogging the fibres must 
necessarily enhance their stiffening effect, and this frequently calls for modi- 
fication known as “ breaking down ” (Chapter XXXII ). On the other hand, 
the effect of damping before drying is to raise or swell the threads In view of 
the significance to the finisher of “ condition ” and the fixation of the fibre and 
filling by drying, it is necessary to apply considerable judgment as to the degree 
of drying effected 

Some finishers prefer to dry up completely, and reintroduce a definite 
quantity of water by means of a spray, delivered by a damjnng machine, 
since the jiroportion of moisture present in the cloth is thereby controlled in 
a more determinate manner While admitting this advantage, others jtrefer 
to condition at the drying machine, and consider that when once fully dried 
up, the cloth has lost something of its nature, which cannot be recovered by 
subsequent damping, and further, that the artificial damping is too superficial 
in its action 

Jfig 207 illustrates a damping machine by John Downham & Co , in which a 
spray is produced by the rapid rotation of a fine bristle roller which dips in water 
and throws off the drops tangentially in a fine spray or mist. The feed of water, 
and therefore the discharge of spray, is regulated by adjusting the height of the 
overfiow funnel which controls the level of water in contact with the brush. 
The admission of the spray to the cloth, which passes over the adjustable orifice 
of the spray box, is regulated by varying the width of this orifice Thus, if the 
level of water in the box and the rate of passage of cloth be maintained constant, 
the amount of condition applied to the cloth is a definite quantity, proportional 
to and described as the number of “ inehes ” (of width) of opemng between the 
hds of the spray box 

A modified form of spraying mechamsm by Messts Samuel Walsh & Son is 
shown in fig. 208, in which the spray or mist is formed by projecting fine jets 
of water under pressure against an inclined plate, by which they are broken up 
into a fine mist and applied to the face of the cloth in view of the operator, so 
that he can immediately detect any variation in damping . The intensity of 
the spray is regulated by varying the water pressure, and this is indicated by a 
gauge. 

The temperature of the cloth is a factor of some importance. Thus, if the 
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cloth is still hot when conditioned, allowance must be made for its increased 
capacity of absorbing or evaporating the added moisture. To avoid any un- 
certainty thus arising, it is usual to cool the cloth after drying. Such coohng 
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IS assisted by utilising, say, the last two cylinders of the drying machine for this 
purpose, and cooling these internally with a stream of water. 

A jet of compressed air is sometimes employed, but the usual method is to 
place the wagons on which the cloth is plaited in a well-ventilated room for a 
suitable period to allow them to assume their normal temperature and condition. 



CHAPTER XXXI 


STIFFENING. 

Stiffening . — The term stiffening includes the preparation and application to 
the cloth of various coinjiounds whi< h are employed either to weight the goods 
or partially determine the nature of their hnish The formula used m mixing 
the ingredients and the product of mixing is termed “ making,” while the 
sequence of the processes employed in finislung is denoted by the term ‘ rumiing ” 
The “ finibh ” is the result of the suitable application of making and running to 
the cloth 

Anj given making may be used to produce varying effects according to the 
method of apjilicatioii and the runnings cmjiloyed Thus the inherent pro 
perties of a making c an be, to a certain extent, developed oi inhibited There is 
considerable scope for devising the most f.ivourable constitution and proportions 
of a making to meet special conditions when the jiroblem is approached from a 
scientific 8taiid]ioint 

The basis of nearly all makings is a paste of one of the varieties of st.irch 
or other adhesive material already described These are either employed alone 
or as an agent for binding weighting materials whiih have themselves no adhesive 
jiowcr Undue stiffeners are often balanced by the introduction of a softening 
agent Conditioning agents and other bodies having special jiroperties are also 
introduced The character and functions of many of these have already been 
described 

Preparation of the Mixture. — The stiffening mixture is made in an oak 
tub of about 50 gallons cajiacity and hned with copper at the bottom and 
round the rim in order to imnimise wear and tear caused by stiiring These 
tubs are generally sunk somewliat into the ground, on account of vibration, 
and lonimumcate with a drain The tub is jirovuled with .1 copper steam pipe 
which discharges at the bottom through a horizontal spreading nozzle The 
volume of water in the tub is generally measured by means of a graduated stick 
Sufficient water is placed in the tub to make together with the condensed steam 
and the water introduced with the starch the required volume The starch is 
then weighed out, made luto a cream with the water, and passed through a sieve 
into the tub The contents of the tub are gradually heated up by means of 
steam, and the other ingredients arc then added with constant stirring The 
heavier constituents, such as china clay, are added last The mixture is now 
gradually heated with stirring till the gelatinising temperature of the starch is 
reached. At this point the granules gradually become ruptured, liberating the 
starch, which forms a paste with the water The soluble ingredients of the 
nuxture go into solution, but the insoluble remain in suspension, and very 
thorough mixing is therefore necessary to ensure the production of a perfectly 
homogeneous mixture If a thick paste is required, the steam is turned on full 
for a short time to ensure thorough agitation and gelatinisation of the nuxture, 
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the tub being meanwhile covered to prevent splashing After thorough mixing 
has been effected, the steam is gradually turned off and the mixture is ready 
for use. 

If the oonsistenoy is too high, the passage of steam is continued until a sufficient 
degree of “ thinness ” is obtained The mixing is then conveyed to the finishing 
machines by means of small box wagons or large cans 

Accessories appertaimng to the starch mixing department are a mill for 
gnnding the china-clay or other filbng material and reducing it to a paste, drum 
sieves with fine copper mesh, a balance, and various graduated measures for 
water and other liqmds The practice of measuring solid materials by volume, 
though necessanly rather inaccurate, is largely made use of 

Clay MiU — This consists of a senes of rotating blades in a box into which 
steam and water can be passed The revolving blades break up the lumps, and 
suffident water is admitteil to produce an even paste This passes from the 
bottom of the box into a hinged oscillating sieve similar to that used in the 
manufacture of starch This retains any lumps, whn h are returned to the miU 
After passing through the sieve, the mixture drops into a small pit, and is ready 
for use Any form of mortar or mixing mill may be employed which will reduce 
the clay to a fine and uniform jiaste, in which form it is used m the preparation of 
the finishing mixture All solid insoluble materials should be tre.ited in this way 

Application of the Stiffening Mixture to the Cloth. The mixture is 
now transferred to the box of a spctiahscd mangle, and may he applied either 
warm or cold, according to the density of filling required The goods are, in 
general, run straight through the nip, and the lower bowl gathers up and applies 
the starch The function of tlic mp is to ensure the even and (luantitatively 
equal distribution of the paste as well as to ])roduce certain niech,inual effects 
The starch box may advantageously bo provided w ith a mechanical agit.itor to 
maintain the regularity of the mixture, but this is less important with thin 
mixings 

There are many varieties of mangles, the choice dei>ending to a large extent 
on the type of fimsh required They may be classified as follows - 

1 Simple Stiffening Mangles — -These hive mostl> two bowls The most 
prominent example of these is the two wood mangle, whi< h is suitxble for a great 
variety of finishes which require straightforward stirching 

2 Fnclwn Mangles -—These are two or three bowled, and are used for goods 
recjuiring (1 ) heavy filling , (2) a thin smooth stare li} back 

3 Back jiUing Mangles — These are used for cither light or heavy hlling, 
when only one face of the cloth has to be clrcsseci 

4 Back-starehing or Skimming Mangles — ^These are used for goods requmng 
a clean thick or thin starchy back, and are specially used for facing very low 
goods which mangles working under pressure would fill instead of face 

The simple stiffeumg mangles vary chiefly m the kind of bowls employed, 
and whether the operation be that of a single or double nip A typical form is 
shown m fig 209, made by Messrs Whitehead & Poole lu this both bowls 
are of wood The lower dips into the starch box, the latter also contaimng a 
guide roller round which the cloth is sometimes passed through the starch on 
its way to the mp The chief object of the mp is to quantitatively control and 
equahse the distribution of the starch by squeezing out excess In the case of 
tluck finishes it also serves to impress the nuxture into the fabric, but with thiu 
fimshes sufficient impregnation occurs in the starch box itself 

The two-wood mangle serves for many ordinary stiffened finishes and rough 
finishes which are subsequently only dried and stretched It is also used to 
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stiffen before stentering. For this purpose the upper bowl may be tightly and 
evenly covered with a fent. This obviates the frequent skimming of the bowl 
which is otherwise necessary 

For stenter work, however, a small metal bowl with brass shell is usually 
employed (fig 210) This acts in a manner similar to hght calendering, which 
is also frequently applied before the stiffening A similar bowl is sometimes in- 
serted between the two wooden ones when stiffening shirtings (sec fig 203). The 
keener nip favours hght accurate starching The second mp straightens and 
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smoothb the f<ice of the cloth. This bowl is frequently placed above the wooden 
ones and can be raised out of action at will for heavier starching 

The limit to the use of simple mangles corresponds with such heaviness of 
stiffening as leaves a smeared face on the cloth The finisher then has to make 
use of repeated starchings or other methods, such as back filhng 

In connection with wood-howl mangles, Jardine’s dipping machine may be 
mentioned. It is used for the dressing of isolated pieces of lace goods preparatory 
to drpng on the frame descnbed later. The fabncs are ^pped or passed 
through the mixture and the excess squeezed out by means of the simple mangle. 
Although the method is slow, it is sufficiently rapid to keep pace with the 
lequiiements of the frames. 
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Friction Manxes. — The Scotch mangle is employed for very heavily 
filling cloth with the maximum possible quantity of stuff, to which end the cloth 
may be passed several times through the machine. It consists of a lower wooden 



bowl which gathers up the heavy mixing, and a small upper brass bowl which 
18 geared to run at considerably faster penpheral speed. A flannel doctor keeps 
the brass bowl clean. The increased speed of revolution of the small bowl draws 
into the nip and grinds into the cloth a greater quantity of filling from the 
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accumulation of starch at the entry to the nip than would occur at a lower speed. 
The rate of passage of cloth corresponds with the speed of the larger bowl. 

The machine is chiefly used for filhng collar cloths, book backs and such-like 
composite productions, emery and label cloths, etc., and the process is generally 
followed by drying and heavy calendering 

The ordinary friction mangle (flg. 211, illustrating one of Edmeston’s) has a 
cotton lower bowl and sycamore upper bowl, these being of equal diameter. 



Fiq 212. — ^Edmeston’s back-filling mangle. 


The cloth travels at the peripheral speed of the wooden bowl, which is slightly 
greater than that of the other. The cotton bowl serves the starch from the 
starch box, and the friction on the lower surface of the cloth causes the filling to 
be firmly attached, but gives it a very nice light smooth back. 

Back-filling Mangles. — Messrs Edmeston & Sons’ back-filling machine is 
shown m figs 212 and 213. In this machine the cloth may be passed through 
the starch box with one face closely applied to the bowl, so that it is only starched 
on one side. A revolving agitator maintains the regular application of starch 
to the exposed face of the cloth. A rubber scraper, or doctor, is mounted on the 
hinged shear (R) and scrapes the surface of the bowl so that it always presents 
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a clean surface to the incoming cloth. On the opposite side a similar metal 
doctor removes excess of starch from the back of the cloth and ensures the 
uniform distribution of the filling. Its quantitative control is by adjustmoat of 
the weight on the doctor levers and the mclination of the doctor. The manipula- 
tion of this mangle requires some care. In addition to the adjustment effected by 
variation of the weight and inclination of the metal doctor, its edge must be kept 
perfectly parallel with that of the bowl Care must also be taken to see that no 
grit is allowed to lodge between the doctor and the bowl If small lumps of clay 
or mineral be allowed to come between them, both are damaged. This trouble, 
however, need not occur if the mixing has been carefully made A brass shell 
bowl IS sometimes used in preference to a sycamore bowl to improve the regulanty 
of the work, and, if kept free from grit marks, this is a good arrangement 
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Skimming or Back Starching. — In this method the starch is pasted on 
to the lower face of the cloth as it passes horizontally through the machine. A 
back-starching mangle is shown in fig. 214. The cloth is tensioned and 
scrimpeil and then passed under guide rollers, between which and underneath 
the cloth 18 the starch box containing two brass starching rollers, a starch 
agitator, and one or more .doctors, all of, which parts are relatively ^justable. 
The larger roller gathers up and applies the starch, and the smaller acts as a 
doctor to it, and regulates and equalises the feed of starch according to their 
space apart. The adjustment between the cloth and roller is controlled by 
elevating or lowering a guiding rail The doctors tend to produce the equal 
and smooth distribution of the starch, scrape off excess, and press the starch 
more or less into the fabric The machine is used either in direct connection 
With a large cavity cylinder or a range of cylinders, according to the character 
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of the starching required. The cloth is threaded over guide winces to effect the 
largest possible area of contact with the heating surface, the starched surface 
being awaj from the metal 
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In all starch mangles the accurate application of starch is greatly influenced 
by the hardness and smoothness of the bowls, but the harder the surface the 
more serious are the defects caused by wear, and the greater becomes the necessity 
for frequent overhauling. All gnt in the starch mixture must be avoided in 
this as in every stage of finishing The prevention of creases dunng stifiening 
is also important This is avoided by tensioning and straightening the incoming 
cloth by means of staves and a scrimp rail. 

Where wooden bowls arc used, it is important to keep them damp when not 
in use, to prevent cracking or warping After standing for any length of time 
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the bowls are run for some time before using the machine to get them into con- 
dition Irregularities of surface due to wear ami tear must be at once removed 
by skimming ui) and sand-pajienng A bowl may be most accurately tested by 
measuring its circumference at various points 

Warps. — The sizing of warps, which comes within the province of some 
bleachers, may he carried out by means of the machine made by Messrs Davies 
& Co , and illustrated in fig. 216. It consists of a long closed box into which 
the size is fed and kept boiling by means of steam. The box contains a series of 
copper wince rollers at each end. Tbe warp is threaded round them in such a 
manner that it runs longitudinally backwards and forwards through the size. The 
motion is produced by revolving squeeze bowls at theend of tbemacbine. These are 
provided with a layer of sizing cloth to maintain the nip most suitable for removing 
excess of size without damaging the warp It is necessary to keep the starch hot 
so that it may thoroughly penetrate the threads and not bind them together. 


CHAPTER XXXII. 

AUXILIARY MACHINES AND PROCESSES. 

Auxiliary Machines. — Certain proceases, amongat which are damping, winding 
on, atretching, breaking down, wetting out, and facing up, do not lend themselves 
to ready classification 

Damping has already been considered as the converse of drying or the 
equivalent of conditioning, and some of its uses mentioned These include the 
predisposition to finishing effects preparatory to beetling, calendering, stretching, 
and raising. A method sometimes referred to as “ rack damping ” is damping 
combined with a form of calendering 

Eig 217 IS a Downham rack-damping machine. The calendering part of the 
machine is to the front, and consists of two cotton bowls which give a soft nip to 
the cloth, which batches on the upper one, and sustains the rolling weight of the 
top wooden bowl. The cloth passes over the damper and thence through staves 
to the bowls. When wound up, the bearings of the batching roller are racked up 
and the roll unwound or removed. 

The effects produced in this machine vary with the degree of moisture intro- 
duced, and are (1) mellowing or rectifying the degree of harshness which may 
occur in calendering, etc , (2) brightening and smoothing the face of the cloth 
and giving it a nice clean appearance, and taking out “ water-marks ” due 
to chasing and beetling , (3) slightly modifying the weight by conditioning the 
finished cloth The machine is also called a finishing frame 

The wmitng-on frame, or canroy, is a frame with tensioning staves, rollers, and 
scrimp rails, and batching tackle of some description Thus a damper may be 
used as a canroy if the belt driving the brush be taken off The chief use of the 
machine is to transfer cloth from the lap to the batch form, or to inspect it during 
its passage in open width It may also be converted by the addition of a kmfe 
bar whose edge bears against the cloth into a machine for simultaneously pro- 
ducing the effect of “ breaking down.” 

Breaking down means reducing the harshness of a finish, and is effected in a 
manner that is equivalent to bending or drawing a piece of starched cloth over a 
hard edge, or by stretching the cloth. 

The arrangement of the canroy for breaking down is shown diagrammatically 
in fig. 218 (o), while (6) and (c) show other ways for batching off the drum of the 
canroy. The method indicated in (c) is the best way, because it gives the largest 
arc of contact for the drum to draw the cloth. The bearings of the batch roller 
work in vertical slides under the pressure of springs or weights, and can be raised 
and held with a pawl to unroll a part of the batch for detailed inspection. 

As stated above, breaking down is effected by stretching, previously to which 
the cloth is generally slightly damped’to increase its capacity to withstand the 
strains which occur in the process, but a distinction exists between stretching 
for the sal^e of increasing width and that for breaking down. Excessive reliance 
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on this machine for the former object is to be deprecated. The required width 
should be obtained as far as possible from the expanders, especially in the first 
water mangling. Edmeston’s belt stretcher (fig. 219) combines the method of 
drawing the cloth over a knife bar with that of stretching, and applies a means 
of breaking down the stiffness of the selvages, which are ordinarily left un- 
treated because protected by the grip of the stretcher belts. This consists in 
passing the edges of the cloth between fluted bobbins, the result of which is 
to produce a corrugating effect in a longitudinal or lateral direction, which 
obviously increases the strain and therefore the breaking effect upon this part 
of the dressing. 

The rest of the machine operates by gripping the selvages of the cloth 
against the rubber tyres of revolving wheels, whose virtual axes of revolution 
are inclined so that the cloth enters the grip where the nms of the wheels are 
relatively close, and leaves where they are further apart 

The grip is effected by an endless strap which bears against the semi- 
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circnmlerence of the wheel and then returns on itself by means of jockey 
pulleys 

The cloth is firmly held between the strap and the rubber tyre of the pulley, 
and when threaded into the grip effected by their conjunction must revolve with 
the wheel till it is liberated diametrically opposite. Diinng this process it 
sustains a stretch depending on the angular divergence of the two wheels. The 
effect may be enhanced by the engagement with the cloth of the nms of a pair 
of small wheels which press against the cloth as it lies between the three internal 
rings shown in the figure. 

The breaking-down effect due to stretching obviously follows from the 
'tightening of the weft threads and disturbance and relative separation of the 
warp threads and the dressing matenals incorporated with them. 

The chief disadvantage of the stretcher is its liability to tear cloth that has 
already undergone considerable strain, and even if these have only produced 
local weakness, the stretcher is apt to discover such defects and suddenly 
produces a considerable rent. When, however, the machine is adopted for 
stretching purposes, allowance must be made in the hardness imparted to the 
goods for the breaWg down that will result from the stretching, though the 
kmfe-bar effect can, of course, be omitted. If this hardness has been overdone 
and the stretcher fails to sufficiently soften the finish, the fault may be corrected 
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by wetting out in a mangle with a little softening material, 
cotton nips in a calender have a brealdng-down eflect. 

« addition to the class of machinery employed in “ mellowing ” or 

breaking is the spiral breaking machine of Sir James Farmer & Sons, Ltd. 



whilt “d left-hand scrolls, between 

Sem I tbe machine towards the draw 

rollers. The s^Us are earned alternately in fixed and quadrant bearings the laSsr 

H common handle, to impart more or less breakS reqS 


Fig 219,'~Cloth>stTetch]iix machine. 
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A special feature is the repeated application of moderate but uniformlj dis- 
tributed stresses to the cloth in passmg once through the machine, as contrasted 
with the more severe local tension and strain incidental to some of the methods 
described earher. 

As compared with fluted or toothed rollers, one observes here the combina- 
tion by scroll action of the longitudinal and lateral deflections and the avoidanc^e 
of corrugating eflects in one or other direction 

A reversing striking gear facilitates prehminary trials during adjustment of 
the required break, and a scroll adjustment indicator aflords a standardising 
reference. 

An alternative device employed in the same machine is to substitute bobbins 
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With lateral flutings, in effect wooden cog-wheels The depth of gearing in either 
form IS adjustable, so that a greater or less degree of distortion of the dressing 
may be effected. 

WeUvng out consists in passing the cloth through the mps of a two-bowl 
mangle and applying by the lower bowl a film of water or a light dressing of 
softening material or starch to modify the finishing effect already produced. This 
modification is chiefly in respect of softening, or cleaning up and smartening the 
face of the cloth or prepanng it for a conditioning fimsh. 

Facing up refers to finishng off the finishing frame or rack damper, but also 
to the application ota dressing or filling in the two-bowl mangle as, for instance, 
when the face of a back-filled cloth requires to be slightly or more heavily filled 
to complete the finish. 


CHAPTER XXXIII. 


STENTERS. 

The processes described in Chapters XXX. to XXXII. do not necessarily 
represent successive stages in the routine through which the cloth jiasses, as it 
may be treated by one or more of the processes of stonteriiig, beetling, and 
calendering, or miss all of them. There is therefore no significance in the 
sequence adopted in this chapter. 

The relation which the typical processes bear to each other is considered 
subsequently after their characteristics have been defined. 

The process of stentering relates csjiccially to the lighter qualities of cotton 
goods, particularly surh as are woven somewhat loosely, and must be dressed 
with a view to the maintenance of their jiatteni undistorted, and where the effects 
of air-drying or absence of pressure in the starched threads is a consideration. 

Stentering.— After such goods have been “ dressed,” they may be 
“ stentered ” in order to effect the following objects — 

1. Bringing them to the desired width 

2 Straightening of the weft threads and establishnig the designed pattern 

3 Drying of the goods by means of hot air whilst in this state 

4. Producing the desired feel in the finished goods by the suitable application 
of heat in conjunction with, or without, special motions being applied to the 
cloth. 

The goods are stretched upon a machine known as a stenter (fig 221 ) in such 
a way as to straighten out and produce the necessary width with a minimum 
of mechanical strain. They are then dned by means of hot air. In this way, 
the fixing of the dressing occurs while the cloth has the desired width and form. 
Further, by regulation of the terajierature, and therefore the rate of drying, 
combined with a motion known as “ swissing,” which is given to the cloth, the 
nature of the final “ feel ” and the elasticity can be controlled This is due 
to the fact that the starch is in this way prevented from setting at the junc- 
tions of the threads in the same manner as if the threads remained relatively 
stationary 

A stenter consists essentially of two extended honzontal frames provided 
with means of supporting and stretching the cloth between them The distance 
between the frames is adjustable, and the fabric is gripped close up to the 
selvages. Thus, in woven goods, tension may be applied directly at the ends 
of the weft threads, thereby providing a means of simultaneously stretching and 
straightening them while in the damp state 

The forms of stenter to be described may be classed as — 

1. Stretching and weft-straightemng machines.. 

2. Progressive stenters. 

3. Stationary clamp frames (ordinary). 

4. Stationary stenters (wide). 

Oftft 
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The first named are usually called clip stretchers, and are sometimes used in 
place of the belt stretchers. 

Fig. 222 shows such a machine, and consists of a pair of rails each supporting 
an endless cham of clips which open as they pass under the cam plates at the 
receiving and dehvery ends to grip and hberate the cloth respectively. The 
details of clips are dealt with later. 

The width between the frames can be adjusted at either end and is set to 
decrease towards the receiving end, thereby extending the width of the cloth 
which stretches across the machine between the clips on opposite frames. A 
modern improvement consists in regulating the speed of one of the chains during 
the operation of the machine, to give a drag, or lead to the selvage which is seen 
to be in advance of or behind the other, and thus straightening out the weft 



Fio. 221 — Farmer’s stenter. 

threads lying between them. A clip stretcher is of service as an intermediate 
member of a finishing range — as, for instance, between a stiffening mangle and 
a drying machine — treating stronger cloths than those mentioned above, as it 
delivers the starched matenal at umform width to the drying tins Or, if the 
filling demands a shght preparatory drying before it can face the tins without 
plucking, a short intermediate stenter provided with air-heating coils may be 
employ^ 

The commonest use of stenters is for the combined purposes of stretching, 
drying, and finishing, in continuous sequence, the lighter fabrics mentioned. The 
heating is efiected by a blast of air, heated in a tubular heater, and driven by 
a volume fan through the heater and an air duct, which dehvers into funnels 
which direct it upon the underside of the cloth. When the width of the cloth 
permits, most of the work is performed in progressive stenters, using the clip 
cham or, more rarely, a pin chain. The frames are usually 30 yards in length, 
and built up m a series of sections mounted on swivel blocks which slide on 
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swivel biackets in tlie manner indicated in fig. 223. The distance of the 
frames apart is adjusted by means of a right and left screw which engages a 



Fio. 232, — ^Autumstic scU-feeding clip btrctching nnu’Iunt, 



Fio 223 — itection tlirougli ovivel bracket. 


nut in each block, and which is itself operated by a central worm wheel, 
driven by a worm on a longitudinal shaft. This shaft simultaneously operates 
similar mechanisms in each of the swivel brackets on which the whole frame is 
supported. These brackets are supported, as in this case, by a pillar, which 
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spans the hot-air duct, and the joint between pillar and bracket pemuts the * 
latter to oscillate and produce the eSect known as swissing or Jigging. This 
motion is represented chagrammaticaliy in fig. 224, which is a skeleton plan of 
the framework, extending over three brackets, and showing the eccentric or jig 
plate, and connecting rod, which impart the oscillatory movement to the system. 
(For the complete machine see fig. 221.) One object of this motion which is 
imparted to the weft threads is to assist their straightening out whilst under 
tension — an action which can be readily appreciated by mutating the motion 



Flo. 224. — ^Diagram of swuuing motion 



by hand on a loosely woven muslin, and observing the rectification of the cross 
threads which occurs 

If the same experiment be applied to a piece which is dressed with starch, it 
will be noticed that the dressing is affected. This partially illustrates another 
effect of swiHsmg which alters the conditions under which the dressing is 
permitted to dry m contact with the matenal, and this aficcts the resultant 
finish of the cloth. 

This so-called swissing motion is adjustable with regard to rate and extent 
of traverse, or may be stopped altogether ; the swivel arms are then brought to 
the middle position, and the frame locked for straight stentermg At the end 
of the machine where the cloth enters, the last two or three sections of the frame 
are so mounted on their swivel arms as to permit of their distance apart being 



independently adjusted to facilitate feeding. This also allows of the gradual 
stretching of the cloth till it reaches the normal width, at which it is dried and 
finished. 

The delivery from the machine is by means of a plaiting tackle, the draw 
rollers of which are geared m synchronism with the speed of the chain, and placed 
at sufficient distance above the end of the machine to accommodate the swing of 
the cloth which occurs when swissing. 

An alternative method of driving the chain is by arranging the cham wheels 
vertically. This is now almost obsolete, but is convenient with links forming a 
pm chain. 

Figs. 225 and 226 respectively show spnng-chp and jun hnks for that style 
of stenter. Fig. 227 illustrates a clip hnk as made by Messrs Mather & Platt. 
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*The liinged upper lip is opened by the cams, as shown in fig. 221, pressing a lug 
on this lip forward, and when the cloth is fed under the hp and the lug leaves 
the cam, the lip drops. But a projection at the back of the lip and carrying a 
wheel rests on the cloth until the cloth has so far receded that the support of the 
cloth is removed from the projection. The wheel then drops into a recess in the 
platform behind the lower lip, and the edge of the upper Up just drops in time 
to catch and detain the selvage. There are many types of clip with various 
refinements of detail, but the above is typical, and a good one. It is most 
important to keep the lips parallel and well bedded, or the cloth will suffer from 
clip marks and curly edges through nus-cbppmg The usual method of attaching 

the material to the non-progressive frames is 
by means of steel pins or hooks which are 
mounted on the frames. The cloth is supported 
slightly below the level of the pins by means 
of cross-bearers, unaffected by the widening of 
the frames, and then the edges of the cloth are 
drawn by hand over the pins and pressed into 
them by means of a little revolving wheel 
mounted m a forked handle The frames are 
widened out, and the cloth so stretched is dried 
by hot air To remove the cloth, a rope which 
extends the length of the frame, and lying close 
Fro 227 - Sclf-feiding cbp link tightened by means of a hand 

winch, so that when taut it rises above the 
level of the pm mil and draws the cloth off The cloth is thou withdrawn 
endwise over a rail in a series of laps 

When the width of the fabric exceeds 72 inches, as frequently occurs with 
lace, which is made m a great many widths, connected by draw threads, the 
frames are earned by wheel brackets, mounted on rails for widening out The 
distnbution of the hot air over the cloth is effected by waiters which agitate 
the air nsing from heating pipes, and beat it down on the face of the fabne. 

Mechanical conditions favourable for good stentenng arc (1) A good type 
of clip which affords a wide opening to assist feeding, presses lightly on the cloth 
during engagement, and then closes sharply and gnps it firmly and umformly 
close to the selvage. (2) Accurate bedding of the chps m the chain race so that 
their lips are horizontally m Ime and the gaps between consecutive bps very 
slight. (3) The spacing of the rivets and correction for unequal wear is of the 
first importance, as although it would seem obvious that the cloth must proceed 
accurately through the stenter if it is fed in straight, and the speed of chain 
wheels is uniform, this does not by any means follow. If the clips are not spaced 
quite equally, the travel of the selvage will gain on that side at which the chain 
is slack. (4) An ample supply of hot air, which can be provided by a Sirocco 
(low pressure, high volume) fan if the passage through the heater, duct, and 
funnels be well proportioned. A steam-heated tubular heater with copper 
(Rowe) tubes gives good results. The heating surface should be such as to 
yield a temperature of 180° F. to a draught of 2 inches water pressure at two 
4-iuch outlets every 6 feet of stenter length. 

The funnels should have adjustable d^ectmg and spreading cowls arranged to 
direct the draught umformly on the cloth or check it as required for the finish. 

A cloth curtain suspended from the frames to the floor prevents the access 
of cold-ur draughts to the fabric or the escape of the hot draught excepting 
through the fabric. 
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The delivery from the stenter is usually by means of plaiting tackle. A few 
steam-heated cylinders are sometimes used to dry o6 outstanding cords and 
selvages before the cloth reaches the plsiter, so as to avoid having to dry these 
ofi in the stenter at the expense of overheating the thinner threads in the sunk 
groundwork. “ Condition ” can, of course, be left in the cloth in stentenng just 
as m the drying , m fact, baking the threads is always to be avoided, as it results 
in unnecessary harshness and risk of tearing. The heat is checked or omitted 
at the feeding end for the same reason. 

“ Spbts,” or goods with a double central selvage, can be parted as they leave 
the stenter by tearing, or cutting with a well-bevelled knife-edged tool, free to 
move laterally, under the control of the selvages. Tearing is effected by 
threading the two halves of the cloth m opposite directions over guide rollers. 

The operation of feeding cloth into the stenter demands some care, especially 
when jigging is in operation. The desideratum is to maintain the same rate 
of feed at each side so that the weft lies at right angles to the selvage. The 
correction for a gaming selvage is to put a drag on it until the other has caught 
im. It is also necessary to feed the cloth sufficiently, and not too far, into the 
cup, especially in the case of a spring clip of the non-automatic type Rectifica- 
tion of lag or lead of selvage can be corrected by a modern device which admits 
of varying the speed of one of the chain wheels. 

Fig. 228 illustrates an automatic method of feeding a clip or pin stenter, 
made by D. Foxwell & Son, Manchester, and it is said to be largely used 
by calico printers, dyers, finishers, and bleachers with extremely good results. 
It is equally good for open as well as closely woven goods, and the method of 
operation is exceedingly simple and ingenious. 

It consists in directing the selvages to the clips in a manner which under 
suitable conditions exceeds the accuracy and speed of band-feeding. The edge 
of the cloth is fed through a series of guiding rollers and winces which have the 
property, depending on their angular adjustment and mutual relationship (or 
tension), of drawing the selvage relatively into or out of engagement That is 
to say, the selvages can be directed to occupy a definite distance apart as they 
feed into the machine and clqis. When a selvage reaches a certain stage of 
engagement or lateral extension, it touches a trigger pneumatically controlling 
the relative tensions of the rollers, so as to induce recession of the selvage. When 
this occurs the reverse action immediately supervenes, and the selvage is kept 
within an eighth of an inch of a defimte line of travel. Space precludes more 
detailed description, but other refinements of adjustment, such as the method 
of centering the feed and accommodating the swissing motion, are developed to 
a. practical issue. 

The apparatus is of interest apart from stentering as effecting a regular feed 
of cloth at the desired width into any other apparatus. 



CHAPTER XXXIV. 

BEETLING. 

In marked contrast with the methods and eSects of stentenng are those of the 
remaining processes to be described, which depend on the application of pressure 
to the fabric under treatment. The effects resulting from various forms of such 
treatment are very numerous, and are considered in connection with the several 
typical processes These include beetling, calendering, and stationary pressing. 

The last named may, as least important, be disposed of briefly. It is a 
process mainly employed in the making-up room for giving a more marketable 
appearance to the pieces after they have been “ made up ” or folded and silked, 
taped, and so forth, as the case may be. It is also used to make them more 
compact for packing purposes The apparatus consists of an ordinary hydraulic 
press an used tor haling A pressure of 2 tons per square inch on a lb-inch ram 
suffices for all purposes. Large pumps are desirable for expeditious work. The 
process is too slow for extensive use in a finishing sense, but it can be used to 
somewhat modify the appearance especially of the outside laps of the pieces. 
If it be desired to maintain or enhance the glaze, polished sheets of millboard are 
interposed between the successive layers of piece goods that arc assembled in 
the press plate. 

Steam-heated chests are also employed m the same way, especially in the 
finishing off of isolated manufacture articles, such as garments and hosiery, 
which cannot be finished in a continuous process. Thev are mounteil on formers 
or boards to stretch them to the desired shape, and piled in the jiress, which may 
be operated mechanically or by hydraulic power 

The process of beetling consists of subjecting the cloth to a rapid succession 
of blows independently and consecutively applied across its surface by a series of 
hammers or fallers. Each faller delivers about seventy-two blows per minute, 
but each successive blow strikes the surface at a different point owing to the 
progressive and lateral movement of the doth. The smooth wooden face of the 
faller is rounded so that the contact is limited to a small area within which the 
more centrally disposed threads sustain a vertical pressure and the outer ones 
a more oblique one, tending to cause their lateral deflection. The sum of these 
oblique impressions constitutes what may be desenbed as a rolling motion 
tending to round the threads. The vertical blows, on the other hand, cause 
flattening and extension, so that the total result is a combination of these 
effects. 

There are various forms of beetling machines, such as flat beetles and roller 
beetles. The former produces considerable burnishing and firmness, but is 
rarely used. The cloth is manipulated on a flat table or rests on a sheet of 
glaz^ millboard while subjected to the blows of the fallers. 

The roller beetling machine is described later. The chief effects of roller 
beetling are — 
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1. Closing up the threads of the cloth and eliminating the “ pinhole ” or 
“ grinning ” effect due to spoces between adjacent threads. 

2. Producing a bright, hard finish, or one that is relatively dull and clothy 
and thick. 

3. Increasing the width of the cloth 

4. Leaving a surface effect, known as a water-mark. 

These effects are not, of course, all produced simultaneously. 

A beetling machine, as made by Messrs Arch. Edmeston & Sons, is shown in 
fig. 229, and consists of a row of beech fallers resting between two pairs of rolled- 
steel guide rails ground and glazed on their working surfaces Lateral play 
between the fallers is reduced to a minimum by planed distance pieces. The 
wiper, or compound helical cam, which raises the fallers by engagement with 
their projecting tappets, consists of a series of three-armed cams, mounted on a 
common shaft. The shape of the cam is so designed that, at the commencement 
of fhe lift, the point of contact between it and the tappet of the faller is on that 
part of the working surface of the wiper having the least velocity. This reduces 
the shock which inevitably occurs in overcoming the inertia of the faller. At 
the summit of its rise, the engagement between tappet and wiper arm ceases, 
and the faller drops by its own weight and delivers a blow to the cloth beneath. 
By reason of the helical mode of assembling the unit cams, the fallers drop 
consecutively and not m unison. 

The long rollers or beams, around which the cloth is wrapped for beetling, 
are made very strong and stiff, and are well balanced. The arrangement for 
winding on is as follows . — 

At one end of the beam is a spur wheel (the teeth of which are only employed 
for revolving the beam during the actual beetling operation), whose outer face is 
turned up to form a friction plate, and pressed into contact with a paper fnction 
pulley which revolves at right angles to it. The necessary pressure to effect 
driving contact is applied through the end shaft of the beam by means of thrust 
blocks, shown at the opposite end of the machine, and controlled by the hand 
rail (which stretches across the machine) for starting and stopping. The friction 
pulleys can be slid to drive at any part of the horizontal diameter of the friction 
plate, so that either the speed or direction of rotation (for winding on or stripping) 
can be varied Across the front of the machine are wooden tension rails or staves 
The batches of cloth are mounted so that the pins of the batch roller can revolve 
in bearing supports and the cloth is threaded under the bottom stave, the 
operator smtably adjusting the tension on the batch For stripping and re- 
winding, the beam is rotated in the opposite direction, and the cloth is drawn 
off in laps into the bin beneath, which can be wheeled to either side of the frame. 
It is then wound on again in the reverse direction, and the operator uses a stick 
to control the tension and make the selvages lie evenly over each other, taking 
care to stretch out by hand any narrow piece ends. While this operation is 
proceeding on one of the beams, the other is rolled to the centre of the frame 
underneath the fallers It is rotated slowly by means of the end spur wheel 
(in the same direction as it was rotated dunng winding on of the cloth) by 
means of a special arrangement of the end gearing. The beam is simultaneously 
subjected to a traversing motion backwards and forwards to distribute the 
blows of the fallers evenly over the surface of the cloth. The direction of the 
rotation is reversible, and is different for the two beams, because of the opposite 
directions in which they are respectively wound on. The blow of the faller is 
almost instantaneous, as it immediately rebounds from the cloth. A second or 



BEETLING, 


655 



X^o.22B.' 


656 


BiiBACHiKa AKii TDrisHmo or ooTtorr. 


“ Tdcovery *’ blow is considered to have an important efEect and improve the 
result of beetling. A winding-np rail is used and operated by a hand wheel 
at the end to raise the fallers from the cloth when they are stopped. Isolated 
fallers can be pegged np from the bottom guide rail when the space beneath 
them is bare of cloth, as when the cloth is first wound on, and adjacent widths 
are spaced apart to allow room for the widening effect of the process. 

The pressure due to the blow is essentially of an elastic nature, as distinct 
from that which occurs in calendering. The effect has been imitated by means 
of eccentrically operated hammers supported on springs to maintain the elastic 
character of the tap and to increase the speed of operation. 

Where wood fallers are used, as is almost universally the case, the best 
matenal is beech It must be thoroughly seasoned to render it capable of 
maintaining a smooth, hard surface on the striking face and avoid excessive wear 
at the guides. A stock of fallers should be kept in a well-ventilated shed and 
periodically restaeked to rectify any tendency to warping. The ends are covered 
with paint to prevent them from cracking, and they are faced up and morticed 
for the tappets as required. The distance between the bottom of the tappet 
and the striking face must be kept uniform and be suited to the design of the 
wiper cam, as mentioned above. 

In a now obsolete t 3 rpe of beetling machine the fallers or hammers were 
operated somewhat after the manner of the well-known steam hammer. The 
latest or pneumatic type of beetling machine is an improved adaptation of the 
same principle, and presents several important advantages over the ordinary 
gravitational system of operation. 

Such a machine by the Pneumatic Beetle Co. of Bawtenstall is illustrated in 
figs 230 and 231 The latter, sectional drawing, clearly indicates the arrange- 
ment of a pair of the pneumatic elements, each of which consists of two 
cylinders and pistons. One of these (F) cames a beechwood block A, serving as 
striking face in an analogous manner to that of an ordinary fuller. The motion 
of the eccentrically operated piston is transmitted to the striking ram by the 
compression of the air in the intervening space, and the return stroke by the 
corresponding suctional effect. The nature of the blow is obviously dependent 
on the proportioning of the two cylinders, the speed of the eccentric shaft B, 
and upon the stroke of the ram. These have been proportioned, so that an 
equivalent effect to that of the ordinary faller is obtained, but at the rate of 
some three hundred blows per minute instead of the usual seventy or thereabouts. 
This represents a proportionally greater output. 

The reason for the low rate of seventy blows per minute for the ordinary 
beetle faller was seen to be due to its dependence on gravity for the production 
of a suitable quality of blow, which must be of an elastic nature. 

Fig 230 shows the general arrangement of the machine complete with 
driving and traverse motion and winding and stripping cones. The former 
motion IS thrown out of gear during the filling and emptying of the beam. 

Owing to the du^ilication of the hammers both beams can be operated 
simultaneously, whereby a further increase in the output is effected to that due 
to rate of striking. 

A series of air valves shown at the base of the cylinders affords control of the 
air supply either for arresting the motion of an individual hammer or by means 
of a non-return valve for replenishing the charge of sir which may have become 
depleted through leakage. 

Owing to the arrangement of the hammers on the underside of the beam, 
improved lighting conditions are obtained for the examination of the finish, but 
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the effect of the stroke is not quite the same as in the ordinary beetle, owing to 
the relative slackness of the cloth on the underside of the ram. This may be 
compensated for by lighter winding or rewinding as the slackness develops. 

A great advantage lies in the elimination of the ordinary long fallers owing 
to their higher initial and maintenance costs, and the inconvenience of handling 
them for repairs 

To appreciate the signiAcance and scope of beetling it is desirable to consider 
the effects of certain stresses and strains somewhat generally, and this would 
also throw some light on the processes of calendering which follow. 

Stress (or pressure, however applied, produces some corresponding strain 
(change of form) in the cloth. The imtial tendency of pressure upon cloth is to 
squeeze it in the direction of this stress. The resulting strain is accompanied to 
some extent by strain in other directions, according to the plasticity and so forth 
of the material or filling, and these qualities also affect the permanence of the 
results effected. Hence the signifioshce of “ condition ” and nature of filling. 
All these factors are affected by the nature of the stress, e.g. its direction, degree, 
duration, and the medium through which it is applied. 

For instance, the effect of passing suitably conditioned and impressionable 
fabric through a hard nip in a mangle or calender is to apply a uniform pres- 
sure across its face and squeeze the threads uniformly The lateral extension of 
the piece will be negligible, and that of each thread will depend on its elastieity 
and the space in which it can expand Failing eln.sticity, it will simply be 
compressed, but elasticity will be conducive to recovery of original form when 
the pressure is relieved. The present subject is, however, the nature of the 
stresses in beetling. 

The taps of the fallers are applied uniformly, but not simultaneously, and 
permit scope for lateral extension of the cloth. The degree of pressure at each 
tap is definitely proportioned to the weight of the fuller (usually about 60 lbs.) 
and its distance from the cloth when in its top position, and this distance depends 
on the depth to which the cloth is wound on 

The resulting finish (to be regular) must be the same as that which appears 
at the centre of the roll, so we may confine attention to that fold of the 
cloth. 

The medium through which the pressure of the blow reaches a fibre in that 
fold 18, of course, cloth. The denser (more tightly wound) the medium, the less 
pressure will be dissipated and fail to reach that fibre By continued analysis 
of the conditions present, we may deduce the following conclusions . — 

That the blows of the fallers, acting through cloth, impress a like formation 
or “ clothy ” surface to the mean lap (which represents the average effect after 
the reversal of the ends for the second process) The shallower the winding, 
the greater will be the impact and milling effect on the fibre, and it will be the 
more compressed and harder. The surface will be less clothy or thready, and 
the effect of brightness which accompames compression and friction will be more 
evident. 

Conversely, the deeper the winding, the more clothy, thick, and dull will the 
finish be. 

Considerable duration of the process (which on a rough average lasts thirty 
minutes the first time, and thirty to forty minutes the second) is necessary to 
produce these effects by means of taps, wUch are successively applied at a large 
number of points on the outer surface of the roll. Further, the effects produced 
on the outer layers are greater than on the inner ones. There must therefore 
be a time relation between the required treatment for inner and outside laps to 
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efiect uniform results, but this is not governed by any dehnite rule, and requires 
actual practice to determine 

The goods for beetling are usually separated out in bunches of from two to 
five pieces, say after conditioning, and then wound on to the beam and beetled 
for- about thirty minutes, the width and effect being noted and compared with 
the pattern If the result is satisfactory (allowance being made for the effect of 
the second operation), the stripping and rewinding are then proceeded with and 
beetling continued till the desired effect is completed in about the same time 
as was taken for the first operation. Judgment is thus required in determining 
when the process is half accomplished. A medium length of cloth for wrapping 
on IS three pieces of 100 yards 

Owing to the somewhat costly nature of the beetling process many attempts 
have been made to reproduce its effects by more economical and rapid methods. 
The most noteworthy of these alternative processes is that of “ chasing ” on a 
calender The following may also be mentioned in this connection, viz. swissing, 
jacking, chesting, and stone mangling. These terms are explained in the section 
dealing with calenders, but their effects may be here bnefly compared with those 
of beetling. 

Sunnstng on a calender can be made use of either to give a hard, bright finish 
with threads more or less closed by flattening, or the finish may be comparatively 
mellow and silky, with less closing and flattening In either case there is no gam 
in width nor rounding of the threads as in beetling 

Chasing affords the most serviceable alternative to beetling, being practically 
as easy as swissing, but adding the thready effect which the other lacks. There 
IS, however, again no increase in width. In other respects the imitation is 
sufficiently close to enable the process to be often substituted for beetling 
Chasing is also used, after a beetling process of sufficient duration to recover 
width, to augment the other effects of beetling. 

Jacking extends the application of the principle adopted in beetling and 
chasing of applying pressure through a series of folds or thicknesses of cloth, 
which 18 first calendered and then rolled up into a batch between two bowls, and 
sustaining the pressure between them 

The stone mangle is an adaptation of a primitive type of mangle, in which two 
batches of cloth, on iron batch rollers, serve as rollers upon which is mounted 
a heavy stone-weighted chest or a block of stone. This is caused to travel 
backwards and forwards, and its weight, coming upon the supporting batches, 
imitates the later stage of the jacking process. Though slow and cumbersome, 
this method is still occasionally used. 

In a variation of the two above processes the batches are introduced bodily 
between the nip of two heavy bowls, instead of being wound up while in the nip. 

The introduction of the batches in the more modern machines of this type 
is effected by mounting the rollers or beams on a revolving framework. This 
carries, say, three such beams at equal distances apart, and so disposed in relation 
to the mp that while one beam lies between the nip, the preceding one is being 
furnished with, and the succeeding one stripped of, its batches. 

Chesting . — This means the successive wrapping of the cloth in the batch form 
round the bowls of a calender or heavy mangle instead of round an independent 
batch roller. In a chesting calender it is necessary to provide arrangements for 
running in either direction, to wrap or unwrap a batch, or transfer it from one 
bowl to another. An independent adjustable roller is sometimes employed for 
this purpose. In all these alternative processes, except swissing, it will be 
noticed that two or more layers of cloth are subjected to mutual pressure. 
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The effect of beetling appears to depend upon the absence of oil, fat, or wax. 
Fort (J. Soe. Dyers ani Col., 1921, p. 162) states that this is the case with many 
kinds of linen and cotton good^and especially with damasks and sheetings. 
The finish on iliese goods is frequently mainly due to the response made to a 
severe beetling treatment In order to obtain a well-closed appearance and 
firm, thick handle, beetling must be thoroughly effective. The condition as 
regards moisture in the cloth, time and temperature of the treatment, and the 
t 3 rpe of beetles used, and other important factors, all exert a due effect. But, 
in the course of a prolonged investigation into the causes of unequal beetling 
properties, Fort found that mere traces of residual oil, wax, or fat could virtually 
inhibit bwtling in either cotton or linen (p 300). He has recorded also 
(J.S.C.1 , 1918, 121a) an interesting case of the mechanical powdering of 
cotton daring beetling, referred to on p. 125. 

In further experiments, made by Crosi (JJS.C 1 , 1920, 58a), normal bleached 
cotton was damped and beetled continuously in a layer 2 inches thick to the 
point of destruction In this treatment considerable heat was developed, up 
to a maximum temperature of 200° C. The following results were obtained on 
examination of the fibre under the action of sodium-hydroxide solution of 17'5 
per cent, concentration • — 



a-<«Uulase. 

/J-oellnloac 

Hygroscopic 

Moisture 

Original cotton 

997 

08 


HaU tendered . . 

923 

40 

36 

Fully tendered 

780 

16 2 

3 3 


These results show that the destroyed fibre was not identical with the fine powder 
described by Fort. 

In a later paper ( J. Soc. Dyers and Col , 1924, p. 142) Fort states that this 
mechanical powdering of cotton is a distinct phenomenon, and must not be con- 
fused with powdering to which chemical changes, such as oxidation or acids, have 
lent assistance He does not hold the same views as Cross and Bevan The 
powder obtained by Fort is believed by him to be the product of abrasion of 
cellulose fibres grinding on each other under limitations imposed by the following 
necessary conditions . — 

1. An unusually close approach to the maximum of close contact between 
fibres 

t 2. A repeated movement, such as bending, shearing, or twisting of layers of 
compact fibres. 

3 External compression must be maintained constantly to avoid displace- 
ment and escape of fibres suffering abrasion on each other 

“ As regards (1 ), chalky patches only appear in the later stages of beetling, 
after the cloth has firmed and gained almost its full measure of compactness. 
Beetling increases greatly the compactness of the cloth, and it occupies much less 
cubic space than before beetling. There is no actual increase of specific gravity 
of the celbilose material of the cloth after beetling, but, according to the degree 
of dampness and the seveijty of the beetling, there is an enormous increase in 
cloth density, and in the actual surface contact of fibres pressing on each other. 
In the later stages, a state of great solidity exists in the batch of beamed cloth. 

“ As regards (2), repeated bending of compressed layers of fibres was the 
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cause of abrasion in the writer’s (Fort’s) production of powder in beetling, the 
actual cause of bending being an old wooden beam, with cracks radiating from 
the core, so wide as to be past wed^ng, which is the ordinary method of pro- 
longing the life of an old beam 

“ Condition (3) is really supplementary to (1), but it is just because it is so 
rarely the case that great compression of fibres in textiles is maintained to create 
a maximum of close contact between them, while a bending or other frictional 
movement is taking place repeatedly, that so httle has been heard of powdering. 
One particular beetling machine repeatedly produced powdered patches. The 
powdering always occurred at the same part of the beam, and the layer of beam 
covers next the beam, consisting of partly scoured and bleached linen cover cloth, 
also developed powdenng The beam exhibited the defect already described, 
at one place only, near the end, where the powdering always occurr^.” 



CHAPTER XXXV. 

CALENDERING. 

Tuk procosB of calendering, in a general aense, conaiata in subjecting the cloth, 
■when suitably prepared and dried, to pressure between tollers or bowls of various 
descriptions The effects produced depend ujion.the nature and sequence of the 
nips, and the quality and preparatory treatment of the cloth The chief effects 
aim^ at in calendenng include (as regards appearance) the following — 

Glazing and brightening. 

Elattemng. 

Closing 

Giving a thready or clothy appearance. 

Embossing and allied effects 

Effects relating to the feel of the cloth include — 

Smoothness. 

Threadiness 

Hardness and firmness 

Elasticity 

Mellowness or softiie.ss 

The relations between these effects and their causes are considered in detail 
subsequently. We must first, however, refer to some general coiisidcratiuns and 
apparatus. 

The essential features controlling the effects produced at any nij) are — 

(а) Degree of pressure existing between the bowls and, to 'a certain degree, 

their teinjierature. 

( б ) The surface qiroperties of the bowls as regards smoothness and elasticity. 

(c) The physical jiroperties of the fabric under treatment, and its ingredients 

(o) represents the sum of the weights of the bowls lying above the nip, 
together with the pressure due to the compounded weight levers. 

The nature of the pressure is slightly elastic in virtue of any such quahty in 
the bowls, and in so far as the weights are at liberty to move vertically. 

When “ dead set ” is applied, by locking the levers and tightening the thrust 
blocks, the remaining elasticity due to the nature of the bowls is almost neutral- 
ised, and 111 any case it is extremely small. This device is chiefly adopted in 
small and embossing calenders. 

{b) The bowls being cylindrical, the contact between the bowls and the cloth 
at the nip is that between straight lines or very narrow areas extending across the 
face of the cloth. The width of this area is in inverse proportion to the diameter 
and elasticity of the bowl. 
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The smaller the area, the more concentrated is the application of pressure 
throughout that surface, or the keener is the nip. 

Fig. 232 illustrates, in a somewhat exaggerated manner, the distributions of 
pressure, or relative degrees of contact between the respective faces of a piece 
of cloth (a, 6) and hard bowls. 

Fig. 232 (a) illustrates the increase in efiective area of contact due to assumed 
elasticity in the smaller one. The contrast would be still more marked in the 
case of elasticity in the larger one. As cloth lacks rigidity, the above conditions 
exaggerate the actual occurrence but help to illustrate a fact- the effect of 
diameter and elasticity in the keenness of the lup. 

The smoothness of the finish depends on that of the surfaces of the bowls, 
and the compressing and smoothing effects of a hard, smooth, inelastic bowl 
are necessanly greater than those of a more elastic and softer one. Speaking 
generally, the impression produced is the outcome of the pressure, the medium 
and area through which it is applied. 

The analysis of the various* forms of mechanical impression due to different 



forms of bowl and the classification of their effects presents little difficulty, but 
the capacity of the cloth to receive or retain these impressions is a wider subject 

Conditions affecting this arc — 

1. The “ condition ” or humidity of the cloth 

2 The thickness, strength, conijiressibility, and elasticity* of the material. 

3. The physical properties of the ingredients incorporated with it 

4. The previous history of the cloth, or the extent to which it has been 
already wrought upon, and its physical properties modified, by preliminary 
processes. 

It IB obvious that the degree of humidity of the cloth or its filling must affect 
the plasticity and cohesion of the constituent particles, and that these affect 
the reception and retention of the imposed impressions. When the matenal is 
dry there is, for example, liability to crushing and fracture These fracturing 
effects are utilised in “ breaking down.” But the material may be conditioned 
to gain elasticity, which causes it to approach its original form when the pressure 
18 released. 

There is a further degree of condition which is most favourable for the in- 
creased reception and retention of the impression applied at the nip, but excess 
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ci mcnsttue destcoys the capacity to retain the e£Eect. To produce a glase the 
ouitenal must be in that condition vlnoh most favoniB the compression of the 
material on the face of the cloth, by the smooth metal bowls, into a smooth 
homogeneous layer. 

Bespecting '^e general mechanical arrangement of calenders, it is seen from 
the accompanying illustrations that this consists of a'pair of side frames similar 
to those of a mangle, and the same appliances for supporting and regulating 
the weight of the bowls. The cloth is led in through tension rails and over a 
revolving expander to keep out creases and maintain the width. The peculiarities 
of special calenders are mentioned later. 

The bowls used are distmgmshed as “ soft ” and “ metal ” bowls. The former 
are built up of a senes of cotton or paper washes (paper producing the harder 
surface), which are threaded over a metallic core and very tightly compressed 
between strong end-plates under hydraulic pressure. The plates are meanwhile 
secured in, position by means of keys which make a self-tightening conical joint 
(see fig. 2^}. The driving bowl is generally a metal one, and third from the 
bottom , it IS of comparatively small diameter, to reduce the torsional strain 



Fig. 233— "Soft” bowl. 


on the dnving shaft The rolling motion is imparted to the others by their 
fnctional gnp, the pressure between them being adjusted to prevent slip 

If, however, a rubbing or frictional efiect is required, this is provided by 
means of gearing, as in the case of a friction mangle. The internal heating of 
one or more metal bowls is employed in part to maintain the bowls in good and 
uniform condition and to dissipate any condensed moisture. It is used in special 
cases, in a manner analogous to domestic ironing or burnishing, assistmg to fix 
or set the physical condition which has been imparted to the cloth in passing 
through the nips Care must be exercised in its use where the filhng contains 
any chlorides, which are liable to decomposition, with evolution of hydrochloric 
acid, in the presence of high temperature. 

All calenders are arranged with removable gap pieces on one cheek of each 
frame to facilitate the alteration of the arrangement of the bowls. The metal 
bowls include brass, fine-grained cast iron, chilled iron and steel. They are 
supplied with a hollow centre when required for heating. Brass and chilled 
steel are the most convement on account of freedom from rusting. Chilled iron 
is best in a friction bowl on account of its retention of polish. The range of 
bowls, mcluding cotton, paper, brass, and steel (in order of hardness), affords a 
wide assortment from which to effect any desired combinations of nips. The 
bowls are trued up and burnished to a fine glazed surface, and' must be kept 
scrupulously clean, truly bedded, and free from the least risk of marking by the 
access of any grit, etc., which can efiect considerable damage. 

The sequence in which the bowls are arranged varies considerably, according 
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to the finiah nqoked, bat the coiuddeiatioiis already cited indicate some of the 
principles by which the effects of the separate nips are ascertained. It becomes 
a simple matter to mount the. bowls to give any desired combination of nips. 
Thus, takmg a simple example with five bowls alternately of cotton and metal, 
one face of the cloth gets four cotton nips, and the other four of metal, as shown in 
fig. 234. In this case the side b is subjected to the maximum treatment possible 
in a single passage through this calender, and-the contrast between the treatment 
accorded to the two sides is also the extreme one. The govern- 
ing principles in the choice of mps for specific purposes are more 
fuUy illustrated later ; but it may be mentioned that predomi- 
nance of metal nips is conducive to hard, bright, well-closed 
effects and flattening of the thread. Metal bowls are not 
mounted contiguously, as the pressure would be too severe for 
cotton goods So cotton or paper bowls intervene on account 
of their comparative elasticity. 

Fig. 235 shows a type of calender which is adopted for the 
most usual classes of work, known as swissing and chasing re- 
spectively. Swiasing means running the cloth straight through 
the nips in aeries, amd represents the normal process of calender- 
ing when it is desired to smooth and brighten the cloth and 
more or less close up the threads by flattening and produce 
either a hard or mellow finish. Chasing has been explained in connection 
with the water mangle. The result of chasing is the same in both cases, viz. 
to give a thready appearance, as well as closing the threads and giving a degree 
of firmness to the cloth as distinct from actual hardness. But the effect is 
more final in the dry calendering process. The number of bowls in a calender 
may vary from three to twelve. The most generally useful numbers are three, 
five, and seven ; but if an extra brightness be required, as in the case of cambrics, 
nainsooks, mulls, etc., a ten-bowl calender is preferred. The following arrange- 
ments may be mentioned : To slightly smooth and brighten the face of light 
(stentered) goods, a small brass bowl between two cotton bowls is used, and 
the cloth is, of course, run through dry. The effect partially includes that 
of " breaking down ” the fimsh, by bending the cloth past the tension and 
scrimp rails and round the small bowl and slightly crushing the starch, 
supposing it to have been dried up somewhat harsh and rough. 

The various arrangements of hard and soft bowls in the intermediate sizes 
of calenders are too numerous to treat in detail, but the following arrangements 
may be mentioned as suitable for a large variety of shirting finishes, using the 
initial letters for the bowls and starting at the top bowl. (0= cotton i 
P=paper; M=metal.) 

1. For soft, dull finishes, C C F C M C M. 

2. For hard, bright finishes, C C M C MF M. 

3. For hard, bright finish for light goods, such as nainsooks, mulls, 
cambrics, C C P C C C P M P M. 

Fig. 236 shows a seven-bowl calender which is apphcable to swissing, chasing, 
or friction finishes by adjustment of the external gearing. 

When it is desii^ to apply “ friction ” the bottom <metal) and the third 
(metal) bowl are miltually geared to revolve at different peripheral speeds, and 
the upper bowls are raised out of action. 

The speed of the upper metal bowl exceeds that of the lower one by an amount 
varying from 50 to 300 per cent., according to the degree of polish required. 

The doth travda at the speed of the two lower ^wls, and the upper metal 
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boirl, wbioh is heated, is termed the friction bowl, as it is the one which effects the 
frictional burnishing and smoothing of the upper surface of the cloth. There are 



Fia 236. — Fivc-bowl cbasuig and bwiSRing oalcndor. 

several methods of arranging the bowls m friction caleuders. Thus the friction 
bowl may be placed between cotton or paper bowls geared for friction at the 
first mp for hght fnctioning, or the two outer bowls may be geared for equal, and 
the intermediate (metal) fnction bowl geared for higher, peripheral speeds, so 
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tiiat both nips present friction. It is desirable to pass tiie cloth tonnd an external 
guide roller between its first and second nip in order to vary the point of contact 
between intermediate bowl and cloth in the first and second nips. In a heavy 
friction calender suitable for closing or glazing, tracing, binding cloth, etc., 
where extra closeness of texture and filling is required, the bottom bowl is of 
close~grained cast iron and geared with the (top) friction bowl, which is gas- 
heated The latter is made of the same material or of chilled iron, and hi^y 
polished. The middle bowl is of hard-pressed paper. An adjustable roller above 
the friction bowl is of cast iron, fixed and adjusted in close contact with the 
friction bowl, to regulate the distribution of a film of lubricating grease which is 
sometimes apphed to the face of the bowl. 

Steam-hrating is suitable for most friction calendering For very heavy 
work, such as the above mentioned, gas-heating is, however, generally employed. 

The closing efieot of friction is more thorough than any other form of 
calendering. The corresponding condition conducive to glazing is that the sur- 
face properties of the cloth be such that the constituent particles may sustain 
compression, resulting in very uniform and compact association. 

An embossing ctdender embodies the very reverse condition to that of 
fnctionmg, as it is most important to keep the engagement of the bowls and 
embossing roller in umform relation to the cloth. Machine-cut gear wheels 
are consequently employed in some of the calenders to ensure equal peripheral 
speeds of cloth and roller. The runmng on and o5 tackle is likewise controlled 
with the same object, and the degree of pressure between engraving roller and 
cloth definitely adjusted by screws with fixed nuts instead of weighted levers. 
The centre roller is heat^ and variously made as a permanent steel shell 
or capable of accommodating interchangeable copper engraving shells. The 
Schreiner calender is an embossing calender of a special type to give a pecuhar 
lustrous effect. This arises out of impression under heavy pressure of a series 
of ridges into the cloth, whose corresponding formation is engraved in the upper 
bowl in a diagonal direction. 

The jacking calender, previously referred to in connection with imitation 
beetling, consists of a four-bowl calender (fig 237), similar to the finishing frame 
already described The cloth passes through the nips of the three lower bowls 
(cotton, paper, cotton), and is then tightly wound on a batch roller between the 
rolling surfaces of the upper cotton and the top (paper) bowl, as well as being in 
contact with the cloth in the batch. Meanwhile the cloth in the batch continues 
under the same pressure, becoming closed and brightly glazed. 

A convement method of applying the pressure in the machine is by a down- 
ward pressing hydrauhc ram apphed to the necks of the top bowl. As the 
diameter of the hatch increases, the hydraulic pressure remains uniform, but the 
accommodation for the increasing diameter is effected by the expulsion of water 
from the cylinders of the rams through a suitably adjusted pressure valve. 

A novel form of calendering mai^ne, shown in fig. 238, illustrates a mmina 
of imparting a good lustre without applying any considerable pressure to the 
cloth. This machme, by Sit James Farmer &, Sons, Ltd., is especially suitable 
for the treatment of stnped and nbbed cotton and mixed goods, which require 
simultaneously a good face lustre, a soft feel, fulness of thread, and that the 
pattern shall be well raised. 

The lustre is produced by passing the cloth (which is suitably conditioned) 
successively under two highly glazed hot iron calendering bowls, arranged 
horizontally, and resting wi^ only their own wei^t upon the cloth. The under- 
side of the cloth rests on soft felt-covered rolls, thus minimising the severity 
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of the nip. An iatermediste guide roller is available for increasing the range of 
contact l^tween cloth and hot bowls. 



Fio. 237. — Four-bowl jacking calender. 

The cloth enters the machine over an expander, then over a hot felt-covered 
ejlinder, or it may first be conditioned by means of a Mteam jet It then enhm 
the calendering tolls, as described, sustaining a light frictionm drag betweeii'||n 
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first and second nips. It is finally drawn tightly over a fixed, smooth, steam- 
heated cylinder on the tallying roller, the object of which is to raise the twill or 
ribs, which have been partially flattened in the preceding operation. 

Huebner and Malwin (J. Soc Dyers and Col., 1924, p. 5) have investigated 
also the changes which occur in cotton fabrics during calendering and beetling. 
Two fabrics were used The first (“ C ”) was a high class fabnc made from 
long-stapled Sea Island cotton ; the second {“ H ”) was made from American 
cotton The calendering was carried out on a four-bowl calender as follows • — 

A paper bowl on top, a steam-heated bowl next, then a paper bowl, and finally 
a steel bowl. The second bowl was heated with steam of about 16 lbs. ]>ressure 
per square inch. The fabrics were passed between the second and third and 



Fio 238. — Natural lustre fininhing machine. 

between the third and fourth bowls Each passage represented, therefore, two 
mps. • 

The results were estimated as tensile strain and ripping strain, that of the 
original fabnc being taken as 100. It appeared that six passages through the 
calender (twelve nips) caused a considerable increase in the ripping strain in both 
warp and weft Dunng prolonged calendering, the ripping strain of the fabric 
increases, but the increase is greater in the weft than in the warp. After forty 
nips, repeated calendering results m a distinct reduction in the tensile strain of 
the fabnc, which is uniform in both warp and weft The increase in ripping 
strain of the lighter fabric (“ H ”) was less pronounced than in the more closely 
woven “ C ” febne. 

Starching the fabric " 0,” without calendering, decreased the ripping strain 
from 100 to 88 Hi the warp and to 81-4 in the weft, whilst it increased the tensile 
strain from 100 i(o 116-5 and 123'5 respectively. No appreciable reduction in 
the tensile strain of the warp is caused by forty mps, but is distinct after two 
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hundred. The weft, however, shows a distinct redaction after twelve nips. 
The effect of starch upon the tensile strain of the “ H ’* fabric is different in t^t 
it shows a distinct increase, after calendering, in the warp, whilst in the weft it 
remains practically constant. Cold calendering does not affect the tensile strain 
of the fabnc as distinct from hot calendering, in which two hundred nips pro- 
duced a reduction of 16 per cent, in the warp and 15 per cent, in the weft. The 
effect of beetling was exaimned in a similar manner The results are given in 
the following table . — 


Hours 

Beetled 

Kabno “ C.” 


Fabno 

“ H.” 


Ripping Strain 

Tensile Strain 

Ripping Strain. 

Tensile Strain. 


Warp 

Welt 

Warp 

Weft 

Warp 

Weft 

Warp 

Weft 

0 

100 0 

100 0 

100 0 

100 0 

1000 

100 0 

100 0 

1000 

1 

127 7 

124-0 

100 3 

102 7 

1140 

1104 

00 8 

02 0 

5 

143 6 

134.5 

08-6 

98 8 

160 2 

151 2 

104 0 

000 

10 

148 6 

161 8 

100 6 

063 

1630 

171 7 

108 7 

100 0 

20 

loa.’i 

177 0 

98 0 

092 

1601 

166 4 

1001 

111 0 

30 

168 2 

172 6 

08 6 

040 

161 7 

162 7 

101 9 

102 8 

40 

171 4 

183 2 

08 8 

931 

143 4 

159 6 

102 9 

01 8 

ao 

16»3 

106 8 

940 

93 1 

148 6 

153 3 




Microphotographs taken before and after treatment shirwed that calendering 
increases the diameter of the fibres. The twist in some is ffattened like that of 
dead cotton, whilst in others it is rounded, giving the fibre an appearance like 
that of mercensed cotton. The diameter of the beetled fibres is considerably 
increased, and some resemble those of cotton mercerised under tension. Occasion- 
ally they exhibit fairly regular impressions, flue, probably, to the pressure exerted 
by other fibres during beetling. 

Yarn Finishing . — A large proportion of yarn that is bleached is subjected 
to no further finishing treatment than conditioiung to weight by exposure to 
the atmospheric moisture or assisted by spraying. It is then straightened out 
by hand in a similar manner as described prior to drying, and is forthwith 
“ made-up ” and pressed into 10- or 12-lb bundles. 

Other methods emiiloyed in the finishing of yarn m the hank are stretching 
and calendering (figs. 239, 240) , yams are also sized in the hank and polished 
after drying by a mechanical process of brushing. The peculiarity of the above 
finishing machines lies in their necessary adaptation for the manipulation of 
yam in the hank 

In the calender, which consists of two cotton and a cast-iron top (driving) 
bowl, the hank is introduced by removing the middle bowl and threading one 
end of the hank around it. The threads are spread out evenly over the surface, 
and the same applies to the other end of the hank, which is, however, threaded 
over a free guide roller. The hank thus rotates around the two as an endless 
band, and sustains one nip between the two cotton bowls and a second between 
the middle cotton and upper iron bowl. 

Stretching and straightening is effected in a machine consisting of a driving 
wince or roller, and a stationary hot bumishing plate, over and around which the 
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hank is made to revolve by the wince. The wince meanwhile undergoes upward 
and downward movements, thereby gradually stretching the yam between itself 
and the hot plate The yam is thus simultaneously stretched, straightened, and 
somewhat polished, and it is meanwhile brought to condition. 

The polishing of sized yam is effected by causing it to rotate round wince 
reels, against which a senes of stiff brashes, mounted on a drum, revolve in the 
opposite direction 


The general effects produced by the foregoing mechanical processes may 
be briefly summansed, and the terms deflned. 




'lo. g39. — Improved hank stretching machine. 


Fio. 240. — Improved yam ]»epanng machin 


The terms lustre, glaze, brightness, although frequently used to denote the 
same qualities, are also used with the following specialised meanings in conjunction 
with cloth finishing. 

Lustre . — This term denotes a surface quality with respect to reflection of 
light, which jnelds a characteristic sheen, or an effect similar to that due to a 
lustrous fabric, such as satin. The Schreiner finish is an example. 

Glaze . — ^This term is generally confined to that degree of polish prodnee^^ 
by friction calendering. The factors affecting the production of glaze are : Ate 
smoothness and temperature of the friction bowls ; the degree of friction ; 

and the properties of the materials used, 

JBn^wness.— Although including, and employed to qualify, the above terms 
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{e.g. “ bright ” or *' dull ” glase), it u generally used to distinguirii the various 
glossy efieots produced m l^thng and in simple calendering. 

term is also used to a leas extent in another sense, viz. to denote superior 
cleanliness and whiteness m pure or stifEened finishes. 

Smoothness is complementary to glaze and brightness, and is determined by 
the same causes. 

Flatness. — This term relates to the degree of compression retained by the 
threads after a process of beetling or calendering. Although a legitimate and 
desired result in some respects, such as in the direction of producing smoothness, 
etc., it IS also encountered to an undesirable extent in the process of closing when 
that process is carried to an extreme, as flattening is accompanied by correspond* 
ing thinness, and this, again, by “ ragginess,” in the absence of a stiffening 
medium or assistant, m the cloth ; but in the latter case the reverse defect, known 
as “ papery ” feel, is liable to occur. 

Closing. — This means the reduction or filling up of the gaps (or 
“ grinning ” effect) between consecutive threads, such gaps being due to the 
lowness of the count of the cloth, or to its previous treatment. When closing is 
chiefly developed by vertical compression, the action is accompanied by a greater 
degree of flattening than is the case with chasing or beetbng, and the defect 
previously referred to is hable to ensue. The necessity for closing without loss 
of thickness is one of the main reasons for the introduction of iiUing materials, 
as closing is then partially effected by mere filling, and m some cases entirely so. 

Thre^y and Clothy Effects — Both these effects are induced with the object 
of maintaining or simulating the properties which are associated with pure 
cloth. 

Threadiness refers to the production of undulations in the surface of the 
cloth to bring out, or mutate, the disposition or lay of the interwoven threads 
which constitute the fabric, and as they would naturally appear at the surface 
of the cloth. The effect is developed in the operation of “ raising ” (not to be 
confused with nap raising), beetling, and chasing. The term applies whether 
the effect be produced on a pure or starched face 

Chthiness. — A finish may be clothy eithw with respect to its appearance or 
feel. Thus, threadiness conduces to a clothy appearance and to a superficial 
clothy feel. But that does not constitute the complete feel of the matenal. In 
the remaining sense, a clothy feel should give the impression of suppleness and 
body, and be equally remov^ from papery and from bmp (raggy) feel. 

Predisposing to clothiness of fimsh are, good quahty of cloth to start with, 
“ shrinking,” moderate assistance, beetling, mellowing, etc. 

Roughness is not a result of calendering, excepting in the form of threadiness, 
which has been considered in connection with chasing. It may be mentioned 
here that roughness, when required, is obtained by d^ing up a heavy filling 
There are several rough effects, as, for mstaUce, the cockle finish, thimble-top 
effect, ete. 

Hardness is a natural consequence of compression or drying up in the absence 
of a lubricating principle in the cloth, especially if the cloth to clogged with 
filling and itself compressed into a hard mass Hardness particularly follows 
calendering with keen metal mps and weight, as also tight beetling with shallow 
winding. 

‘(firmness is a degree of hardness applying more especially to cloth having 
a thi^ substantial, leathery feel, and indicates real or apparent strength and 
substatf^e ; the effect is favoured by filling or asristing. 

Mettowness and softness are the reverse properties of hardnemi and firmtiam 

• 43 
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The only connection between these properties and calendering lies in the process 
of brea^g down described in oonnectioh therewith. 

Mellowness may be the natural outcome of a hmsh in which stifiening pro- 
cesses have not been applied, or the result of breaking it down in stretcher, 
finishing frame, etc., or by wetting out with a softening agent 

ElasttcUy denotes the tendency on the part of the finished cloth, assuming 
it to have been distorted by bending, of reverting to its normal shape The 
same property with respect to tensional strain is less marked, as woven cotton 
cloth, although sufficiently supple, is not in any case particularly elastic, nor can 
it be rendered so (in the tensional sense) by the addition of matenals to it. 

Elasticity, as defined above, is induct by the association with the fabric of a 
suitable dressing mixture. A starch paste of thin to medium consistency may 
be used, together with a modifying ingredient, such as dextrin, to control its 
capacity for setting hard or otherwise. The constitution, consistency,^ and 
application of the dressing mixture are governed to suit the degree of stiffness 
required in the fimsh, and gelatinous or glutinous agents may be added to or 
substituted for the starch, in accordance with their respective capacities and the 
circumstances of the case. 



CHAPTER XXXVI. 

COMBINED FINISHING PROCESSES. 

In the foregoing pages finishing has been dealt with from the standpoint of the 
effects produced by particular machines or processes, and it has been shown how 
these individual processes may be controlled to develop various effects. But in 
the majority of practical instances the ultimate properties of the fimsh are the 
outcome of several of these processes, and their final effect depends very much 
upon the method and order in which they have been respectively employed. 

This fact IS illustrated in connection with the table given on p. 676, 
as also in the practical examples of processes applied to goods of various 
kinds. 

Since the effects of any combination are complex, and depend on -several 
factors, all of which are variable, it is not easy to give formulm of runnings 
which are capable of general application. The factor which most prominently 
qualifies the effects brought about by a definite combination is the character of 
the cloth which is being treated, and when somewhat dissimilar fabrics are being 
dealt with for a similar fimsh, it follows that the one of infenor quality will 
require some differential treatment Thus, in the common case of a pure, home- 
trade finish, in which the object is to give the impression of a finely woven fabric 
resembling linen, and in which the beetling process is a prominent element in 
the treatment employed, the closed appearance in the superior cloth will be the 
more readily effected without corresponding drawbacks, while the inferior, if 
closed to the same extent, will deijjdop'nB luidesirable flat, thin, and hard effect 
The difference will be the more m^ked abCoi^ng to the variation in the quahties 
of the two samples. These ^fferSnees'fimst cojinteracted by recourse to 
some treatment tendii^ tc^fnake the infenor clq^ ii^ore similar to the better 
one, whose threads are, more closely woven and possibly consist of supenor yam. 
One way of doing this is>to ikUow the natural sl^^akage of the lower cloth to take 
full effect, if the specified'.fi(usSe(tw4fb.wiil ^llow, a^ to apply a small quantity 
of thin starch, so that, after xtuidltaomng, ^e tisrads will become more swollen 
In virtue of the shrinkage that has'behn ]|>ermitted, they will be already closer 
together, and the subsequent effect of beetling will thus be modified in the 
desired direction. 

Thus, the weight and count of the grey cloth largely control the character of 
the finish that will be produced by a given combination of processes, and, as in 
the case cited, will also determine the effect produced in one or each of the 
processes 

The classification of finishes may be based either upon the routine adopted 
in their production, or upon the quality of the fimsh. As definite finishes 
frequently refer to definite qualities of doth, the two methods often bear some 
relation to each other. 

The determination of the qualities of the finish is ultimately a matter of 

076 * 
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companson, as to appearance and feel, with a pattern which must be tahen as 
the standard. With these qualities must also be considered conditions relating 
to count, weight, and width before the finish is fully defined. In the so-called 
Standard Finishes, which are designated by various names, letters, tradjs marks, 
etc., the quality of the finish by long far^iarity has acquired a fairly definite 
significance, and become associated with a recognised combination of processes 
as regards its production Other finishes, which are new to a finisher, become 
by tlmt fact “ Standard Finishes,” and he must reconstruct a suitable scheme for 
reproducing the same by means of such evidence as the pattern and the other 
specified conditions afford. The most convement and rational way of describing 
such finishes is m terms which combine the appearance and feel, and the class of 
material represented by the pattern, and then, by deduction, the general type 
of process which the pattern suggests or defimtely indicates to experienced 
observation. 

These items having been recorded, together with the details mentioned above, 
an experimental scheme of runnings is apphed to the bleached cloth, and its 
effects noted from stage to stage. The necessary corrections are introduced, 
or allowed for, in a second trial piece, and the finish is thus standardised This 
operation of sampling calls for the greatest care and accuracy in observing and 
recording the conditions which successively arise, as not only are definite adjust- 
ments of the proportions of the fimshing mixture reqmred, but the conflicting 
effects of shrinkage or extension must be allowed for, as a defimte width is one 
of the conditions which must be satisfied within narrow liimts 

Many of these interdependent effects have been discussed, and it is en- 
deavoured to further illustrate them in the following table and examples ; but 
the object here, as elsewhere in this treatise, is rather to indicate general principles 
than to formulate workmg instructions. 

The table given represents, in condensed form, the relations which individual 
processes bear to each other, and how they may be combined to assist in the 
production of various effects. It must, however, be borne in mind that any 
attempts at generalisation of this kind are necessarily subject to such bnutations 
as have been pointed out from time to time, also that comparisons effected 
on such lines are only valid when based on their application to similar goods. 
In all cases of finishing, success depends as much on intelligent adjustments to 
meet constantly varying conditions, as upon tiie use of formulse for makings or 
runnings 
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(а) Finish is pure, mellow, silky, slightly closed 

(a') Finish is pure, mellow, duUer, thready, better closed. 

(б) As (a), but firmer, brighter, threads flatter and better closed 

(6') As (a), but firmer and betW closed. 

(c) (o') Relatively thick and hard ; face dull and rough as compared with 
preceding finishes, and according to degree of stiffening. 

(d) (d’) Differ from (c) (o') in increased width and mellowness, according to 
use of stretcher. 

(e) (s') Fimsh depends on method of calendering, and can be modified for 
hardness or mellowness, flatness or threadiness, and brightness, as in the case 
of (a) (o') (b) (b') 

Assuming equivalent treatments in this process, (o') will be better closed and 
somewhat more clothy than (e). 

According to degree of stiffening the appearance and feel of these finises 
may vary from apparent purity to heavily starched (rough or smooth) finishes 
The latter extreme is made more evident if F or BF mangles be used in place of 
two-wood 

In shrunk finishes, stretching is suppressed or omitted, resulting in better 
closed and more substantial appearance The object of wetting out or facing 
up has been desmbed. 

(/) Finish 18 pure, well closed, width increased, and effect mellow, clothy 
and dull, or harder and brighter, according to depth and lightness of winding on 
and condition. 

(g) This terminates the process for the “ R finish.” Effect thicker and duUer 
than (/), in accordance with degree of stiffening and stretching, which also 
control degree of firmness. 

(h) The initial beetling effect is extended or modified by calendering. Thus 
chasing, after beetling, accentuates closing and clothy effect and is cheaper than 
twice beetling. Swissing, after beetling, superimposes flattening effect, the more 
so as nips arc hard and keen See subsequent notes as to effect of calendenng 
after stiffening. The finish of (h) will be more or less dulled by stiffening and 
stretching, as in (g). 

(i) The tendency (while increasing substance and filbng up pores by stiffemng) 
IS to obscure the starchy appearance by inverting the sequence of calendering 
and stiffening, but the preparatory effect of calendering on stiffening is absent 
(and requires adding in some cases) The general effect in (t) is that the final 
calendering effect predominates. The preliminary beetling has served mainly 
to effect closing and give width. 

(j) This is one method for the “ S finish,” and is essentially a stiff e.ncd beetle 
finish. It denves the full benefit of beetling for closing, and brightening and 
yielding the best approximation to the character of pure cloth of better quality 
than it actually is The facing up lato obliterate water-marks and smartefi and 
smooth the surface, and lelates to treatment in the finishing frame. 

Note , — Allowance must be made for the varying effects of more or less con- 
dition in the cloth and modifying effects of finisWg ingredients. 

Finishes may be broadly classified as being either pure, assisted, or 
stiffened. 

Pure Finishes. — In this category are included goods, corresponding to hhe 
madder bleach previously referred to, which undm'go the subsequent prooesses 
of calico printing and dyeing. Prior to their dehvery to the print-works, the 
only finishing operations called for ore their opening out and washing in tiie 
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scutcher mangle, during which attention is paid to the rectification of width and 
distortions of the thret^. They are then dried up and delivered. 

Many varieties of goods which are finished pure for the white trade call for 
additional treatment to that descnbed above. Thus, in the case of domestic 
calicoes for the home trade, the special reqmrements are for such treatment 
as shall improve the general appearance of the cloth, as regards smoothness, 
brightness, and in the imitation of such qualities as may serve to render the 
cahco similar to finely woven linen. For this purpose the process of beetling 
is especially suitable, but is largely replaced by the more rapid and less costly 
process of calendering, or they may be used in conjunction When the necessity 
is mainly that of smoothing and smartening up the face of the cloth, and im- 
parting a certain degree of lustre, calendering is employed. The pure finishes 
are closely connected with the assisted finishes, mentioned below, and, as pre- 
viously stated, it is frequently necessary to resort to a light application of starch 
to bring out the full efiect of the beetling and especially of the calendenng 
operations, or to assist in the retention of these effects. There is, in fact, no 
clear line of demarcation between a pure and an assisted fimsh, but it is, apart 
from any question of chemical punty, an advantage that a cloth should depend 
as little as possible on the temporary effect of a soluble assisting agent It is 
for this reason that the very effectual and permanent results of beetling are to 
be preferred in the preparation of so many pure finishes. 

Assisted Finishes. — Ab explained in the above section, this term relates 
to the addition to the cloth of some binding or stiffening agent, to give additional 
effect to the mechanical finishing process employed, or to increase the feehng of 
substantiality of the cloth The important thing is that the addition must not 
be too evident 

Stififened Finishes.— This term is apphed to finishes in which the addition 
of Btifiening, binding, filling, and weighting agents is more considerably employed, 
and in a less disguised manner than in the preceding instances. The thing that 
is disguised is more often the cloth than the filling materials, but a semblance 
of woven texture is not infrequently imparted to the latter by tbe production of 
impressions therein, which are derived from contact with cloth, as in the chasing 
process As many of these heavily filled goods are not intended tor wearing 
purposes, the problem of making them look like cloth does not arise, and if 
glaze be required, the process of heavy friction calendering is indicated. The 
methods of applying the stiffening and filling matenals was discussed in connec- 
tion with stifiemng mangles. 

For the production of the rougher finishes, the method is to follow the stiffen- 
ing process by drying up the cloth on the tins, and if the finish is then too rough, 
it may be modified by breaking down on tbe stretching machine, or otherwise as 
descnbed. 

In dealing with more moderately stifiened goods, the disguise of the adulterant 
may be effected by the rather obvious expedient of applying the bulk of it to 
the back of the cloth, by use of the back-filling or back-starching mangle, whereby 
the other face of the cloth may be finished to present any desir^ degree of 
purity. 

Stiffening is not of necessity a device to create a fictitious impression as to 
the quahty of the cloth, as it offers the only means of rendering certain materials 
either marketable or of use. This will be seen in the case of those goods which 
are specially associated with stenter and similar finishes, as, for instance, curtains 
and the hke, having an open, figured pattern, the useful efiect of which can only 
be. presented, and a pleasing tint imparted, by providing the threads with 
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mechanical support, and a medium for the reception of the colouring matter. 
The necessity for mechanical stiffness or elasticity is in many other fabrics in 
common use sufficiently obvious. 

Some of the mam characteristics of respective types of finish having now 
been referred to, the matter of combinations of processes to produce definite 
types of finish may be exemplified. 

Light Goods. — These include a proportion of pure fimshes and many for 
which the stentenng process is most suitable. In these goods regulanty of width 
and pattern, softness, or elasticity of finish are of importance, as in the case of 
checks, lawns, curtains, lappets, etc 

The t 3 T)e of procedure adopted is as follows — 

1 Wash m scutching mangle. 

2 Dry on tins. 

3 Stiffen m two-wood or brass and wood mangle, preceded, if required, by 
three nips in the calender to take off the rawness of the threads and limit the 
absorption of starch 

4. Stenter 

5. Calender, if necessary, either to break down, or brighten, as may be 
required 

Example 1. — Brocade for bright, mellow (stenter) finish. 

Runnings. — Mangle, dry, three-mps calender, stiffen, stenter (swus), calender 
Making. —Wheat starch, 9 parts, and water, 7 |>arts, bniled for twenty minutes 

Example 2 — Victoria lawns, bright, clastic (stenter) finish 
Runnings.— As b<‘fore 

Making.— Dextiin (3), wheat starch (2i), and water (10), boiled for fifteen 
minutes 

Light goods such as mulls, tanpbs, madapolams, nainsooks, cambncs, etc., 
can be finished more expeditiously by the following methods ; stentenng being 
less necessary for maintenance of width or pattern, tin-drying is substituted. 

Example 1. — ^White cambric, soft, bright (calender) finish 

Runnings. — Mangle, stiffen wet at two-wood mangle, condition, stretch, calender 
(ten-bowl) 

Example 2. — Madapolam, soft (mangle) finish 

Runnings. — Mangle, dry up, assist on two-bowl mangle with a bttle wheat starch 
and blue to shade, dry up, damp, and stretch 

Example 3 — ^Nainsook (Indian), bnght, mellow (calender) finish. 

Runnings, — Five-bowl mangle, dry, damp, stretch, stiffen, dry, damp, stretch, and 
calender (ten-howl) 

Making. — Wheat staieh (1) and water (20). 

Example 4. — Pure finished nainsooks and mulls 

Runnings. — Mangle, and, if previously well washed, introduce blue to shade in 
the water-box (otherwise blue in another mangle), dry, condition, stretch, 
calender (ten-howl) If the width is recovered at the first mangle, stretching 
before calendenng may bo omitted, 

Shirdngs. — The numerous finishes apphed to shirtings, ranging from pure 
domestics to heavily filled Egyptian and China shirtings, cover a large section 
of the finisher’s range of operations. The requirements relating to domestic 
shirtings for the home market consist chiefly in the accentuation of qualities, 
associated with fine, close weaving, substantial but supple feel, and such smooth- 
ness and brightness as is consistent with mellowness. 
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The m&m problem with such finishefi lies, therefore, in the effectual dosing 
up of the threads without inducing excessive flatness and hardness, which are 
liable to accompany this process, especially when calendering is employed. 

Many “ pure ” finishes are assisted with a little stiffening to add substance 
and assist in closing, or are faced up with a little starch. 

The following sequence of operations is largely adopted : Chase on water 
mangle, condition, b^tle pure, chase on calender, damp, and condition for room 
(t.e. for making up). 

Here the b^thug process is brou^t m to efiect the bulk of the closing, but 
this effect is accentuated during chasing. The final damping takes out the 
water-marks, and conditioning leaves the goods conveniently mellow. 

If, however, a definite width is specified in excess of that obtainable above 
by beetling, the stretching process is called into requisition, and the resulting 
finish will be inferior in respect of closing and thickness of feel, more especially 
with inferior qualities of cloth. 

Examples of Sbibtinq Finishes. 

Example 1. — ^Medium finish. Known as “ R finish.” 

Runnings. — Water mangle, diy, damp, stretch, beetle pure, stiffen on two-wood 
mangle, dry, damp, and finish off streteher. 

Making. — Fanna (12 parte), china clay (24 parts), solution of Ejisom salt (32° Tw ) 
(24 parts), water (8fi parts) , heat to 140° F 

The cloth is assumed to be of good quality (of 19x 20 count), and the process 
is devised to close the threads, increase the width and weight, and produce a 
dull, mellow finish The stiffening after beetling dulls the brightness and 
increases the apparent substance of the cloth. The stiff ness is broken down 
as required at the stretcher The inclusion of the conditioning agent (Epsom 
salt) assists, with the clay, in adding weight, but it also aids in mellowing the 
finish by retaining moisture. 

A variation of this finish, to increase the brightness, consists in calendering 
the cloth after stiffemng and conditioning. After this it is fimshed off the 
stretcher as above. 

Example 2. — “ W finish.” 

This differs from the “ R finish ” in introducing chasing after beetling pure, 
to increase the closing effect The following is an example — 

Runnings. — Water mangle, condition and stretch, beetle pure, calender pure 
(ehaeing), slightly stiffen on two-wood mangle, condition, to room. 

Making. -Mai^e starch (10 paite), Epsom salt solution (72 parts), glue (2 parts), 
water (144 parts) , heat to 180° P 

This process is conducive to a well-closed, dull, clothy, and mellow finish. 
The humidity retained by the dehquescent balances any tendency to excessive 
staffness. 

Example 3. — Method of producing a bright beetled finish applicable to 
(o) a low quality cloth, or (6) a better and higher count cloth. 

(o) Runnings.^ — ^Water mangle, conditmn, beetle pure (30' and 30'), stiffen (dry) 
in two-wood mangle, condition, fimsh off beetln (30' and 40'). 

Making. — Fanna (20 parts), china clay (48 parts), Epsom salt solution (32° Tw.) 
(48 parts), Mue to shade, water (160 parts) ; beat to 160° F. 

(6) Runiunga. — Water mangle, stiffen (wet) on two-bowl mangle, condition, beetle 
(30' and M'). 

Making. — Fanna (30 parts), china clay (24 parts), blue to shade, water (165 puts) ; 
heat to 160° F. 
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Note . — difference in weighting materials used, the method of application, 
and the amount of beetling required are determined solely by the difference m 
quality of the cloth. 

Example 4. — Rough, heavy shirtii^ finish. 

Runnings. — Water mangle, diy up, stiffen on two- wood mangle, diy, damp, finish 
off stretcher 

Making, — Starch (30 parts), fanna (12 parts), china elav (144 parts), mineral (24 
parts), oil (4 fiarts), water (300 parts) . heat to 160° F. 

Note the omission of closing ; but drying up before stiffening induces the 
maximum filling ; the absence of subsequent beetling or calendering leaves a 
rough surface. The hardness may be more or less broken down on the stretcher. 

Example 5. — Heavy China shirting. 

Runnings. — Water mangle, diy, damp, stretch, beetle, stiffen m HFM, dry, damp, 
streteh, chase in seven-bowl calender, stareh m two-wood mangle (nsing farina 
(1 part) and water (120 parts)), with face side to starch, diy, cool, damp, 
and finish off stretcher 

Making. — Starch (30 parts), farina (12 parts), china clay (144 parts), mineral white 
(36 parts), French chalk (30 parts), oil (2 parts), blue to shade, boiled as stiff 
as possible 

Eote . — The chasing closes up the threads and gives the starched back a 
thready appearance The subsequent facing np further stiffens the cloth and 
fills the face. 

Example of Treatment for Tunlle. 

(a) Fine twills for home trade. 

Runs. — Water mangle, dry and condition for beetling, stiffen in two- wood mangle 
with light pressure, dry, damp, and stretch to pull up the twill 

(b) Common waste twills for hnings. 

Runs. — Water mangle, dry and oonditinn, three nips at calender, stiffen at BFM 
(back filling mangle), dry, condition, stietch, and add another light back at 
BFM, dry, condition, calender (swiss), starch at two-wood (heavily), dry, 
damp, stretch. The last diying will raise the figure of the twill 

Example of Treatment for DrtUa. 

(a) Runs.— Water mangle, diy and condition, stiffen on two-wood mangle, dry 

up, damp, and stretch 

(Care must be taken to keep the selvages well turned out, and sharp scrimp 
rails must be used for this purpose.) 

(b) Water mangle, dry and condition, beetle pure for bnghtnoss, stiffen on B.F.M , 
dry and condition, wind on (finishing frame) for room. The stiffening of the 
back in the BFM, and subsequent drying serve to throw op the face of the 
dnll 

Sheetings are treated in various ways, according to their quality and finish 
required, as shown by the following four examples of typical runs • — 

Stretch, dry and condition m epen, fold in halves if necessary to suit the widths 
of the sucoeoding machines, then proceed in either of the following ways 


1. 

' 2. 

3. 

4. 

Stretch 

Cemdition 

Stietoh 

Sti&n 

IhyMid condition 

■ 

Stretch 

Beetle 

Stiffen 

Dry and condition 
Sfaietoh 
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Example of a “ Bdty Dodd ” or Back-starching Mangle Finish . — This is given 
to illustrate one of the uses of the above method of stiffening, and to indicate 
how it may serve, in conjunction with other processes, to improve the utility and 
completely alter the apparent quality of a cloth. The grey cloth treated was of 
low count (14x10), and the finished appearance is that of a closely woven 
material, with a bright pure face, a smooth starchy back, and no sign of any 
space whatever between adjacent threads. It is thin, and the threads flat, but 
pliable, and suitable for any purpose that would be fulfilled by a thin calico, 
until washed. The particular use in this case is for sample seed-bags. 

Making . — 16 quarts each of maize and potato starch, 16 gallons china clay, 8 lbs. 
soap, blue to shade, and the whole diluted with water to 50 gallons and heated to 
160° F. 

Runnings. — ^Diy up at tins, damp, and three mps at calender, to close, flatten and 
smooth the threads, stiffen with above making in back starchcr, drying im- 
mediately, on the large cylinder conneoted therewith, damp, beetle (30' and 40') 
to room 

Alternatively to beetling as above, the cloth may be stretched and chased 
three times round, at calender, but the closing and smoothness will not be quite 
so complete. 

Similarly, a better effect as regards initial closing is obtained by beetling 
than by the three heavy nips through the calender, but the value of the fini.shed 
cloth does not warrant the expense 

It may be remarked, in conclusion, that the art of fimshing cannot be earned 
out with success by mere reference to a text-book, or by following formula) alone, 
yet the consideration and analysis of published formulce, of which there are many, 
affords a means for the exercise and development of inductive reasoning, which 
IS perhaps the most important faculty required in the solution of the vaned 
problems which anse in finishing 



IJ^DEX, 


Aosno acid, 345. 

analysis of, 347. 

specific gravity of, 347 

Acids, 326 

Actmn, 527 

Adsorption, 47 

Air as a bleaching agent, 523 

Albumins, 42, 54, 55 

Alcohols, 75, 87 

Algin, 697 

Alkali boiling, 283 

— ocllnloso, 136 
Alkaline sulphides, 295. 

Alum, 613 

Aluminium acetate 614 

— oxide, 613. 

— phosphate, 614. 

— sulphate, 613 
Amides, 61. 

Amino acids, 42, 61 
Ammonia, 303 

— analysis of, 364. 

— specific gravity of, 306 
Ammomum carbonate, 366 

— chloride, 616 

— phosphate, 615. 

— sulphate, 616. 

Animal albumins, 64 

— fibres, detection of, 11 

— secretions, 6, 8 
Antichlors, MO. 

Antiseptics, 568, 603. 

Apjicndages of the epidermis. 5, 10 
Aqua regta, 425. 

Artificial fibres, 6, II. 

detection of, 11. 

— silk, 162 

structure of, 165. 

Asparagine, 63. 

Aspartic acid, 63. 

Automatic kier, 317. 

Auxiliary mactunes, 641 

BaciliiUS subtilis, 176 
Bacteria, 170. 

— action of, on cotton, 170 

— destruction of, 174. 

— effects of, 174 
Barium chlorate, 499 

— hydroxide, 363. 

— sulphate, 661. 

Barytes, 561. 


Beetling, 653. 

Benzene, 389. 

— analysis of, 389. 

Benzol, 389 
Blanc fixe, 661. 

Bleached cotton, anslvsis of, 469 
Bleaching agents, 411 
use of, 416. 

— apparatus used in, 462. 

— detemiination of loss due to, 265. 

— general conditions of, 480. 

— powder, 433 

action of acids on, 443. 

of alkalis on, 444. 

of alkalis in bleaching, 436. 

of metals on, 44.5 

of oxides on, 446 

constitution of, 434 

preparations of solutions of, 449 

properties of, 436 

valuation of, 446 

— process, general, 462. 

— processes, 629. 

— repetition of processes, 469 

— solutions, checking strength of, 467 

methods of expressing strength of, 469 

preparation of, 449 

strength of, for bleaching, 466 

use of liquid chlorine in preparation 

of, 462 

Blueing materials, 658-602 
Boiler deposits, 199 

— plates, variation in composition of, 203 
Borax, 362, 612 

— an^ysis of, 389 
Bono acid, 603. 

Breaking down, 641. 

Bnghtneas, 072. 

Bromine, 424 
Brooks’ kier, 319 

Caloiuh borate, 612 

— ohionde, 607. 

— oxide, 349. 

— sulphate, 559. 

Calenwring, 662 
Carbohydrates, 86 
Carbolio aoid, 605. 

^rbon totraehloride, 392. 

Camauba wax, 599 
Casern, 590. 

CSsstor oil, 601. 
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Cftiirtk) potwh, S9S, 358. 

— soda, 364. 

teooTery of, 162 

CeUobioae, 91, 99. 

Oellnlase, 93. 

— aoetste, 132. 

Bilk, 167. 

— aotion of ozone on, 119. 

— ohiBBi&iition of, 04. 

— constitution of, 96. 

— formulte of, 103. 

— kjdrolysis of, 97 

— peroxide, 119. 

— preparation of, 94. 

— properties of, 96. 

CSeresin, 000. 

Chalk, BVenoh, 661. 

Chasi^, 660. 

Chemioals used in lye boiling and bleaehing, 
326. 

Chesting, 660. 

CSiloranuues, 60. 

Chlonunine 'T, 627. 

Chlorethylenes, 392 
Chlono aeid, 400 
Chlonneted hydrorarbons, 391 
Chlonnr, 422 

— oxyaoids of, 423. 

— projierties of, 428. 

Chlorous acid, 499. 

Qronlatioii, 279. 

Closing, 673. 

Cloth, transmission of, 274 
Cocoa butter, 600. 

Colloidal solutions, 40. 

Coloured goods, bloaohing of, 646, 663 
Combined finishing processes, 676 
Commeroial cottons, 20. 

Condition, deteroiination of, 242 
Conditioning, 020, 630, 

Copper number, 113. 

— sulphate, 604. 

Cotton, abnormal hairs in, 40. 

— action of acids on, 127 

of acid salts on, 131. 

of air on, 122. 

of alkalis on, 136 

of dyestuffs on, 161. 

of heat on, 122 

of hydrochlonc acid on, 130 

of light on, 123 

of mechonioal forces on, 126 

of mioro-orgaiiisins on, 177. 

of nitnc aoid on, 133. 

of oigaiuo acids on, 131 

of salts on, 169. 

of anlphurio acid on, 127. 

— — of water on, 125. 

— analysis of, 263, 469 

— bleaching ef knitted fabric, 637 

— blendiqg, 21. 

— buring, 22. 

— oofouring matters of, 82. 

— eonstituents d, 41. 


Cotton, cultivation of, 16. 

— degreasing apparatna, 394. 

— detection of mineral arid in, 133. 

— determination of ash in, 263. 

of condition of, 242. 

of gloss due to bleaching, 265. 

of moistnre in, 263. 

of oil and wax in, 263. 

— effect of waxes w spuming, 76 

— electrification of, 127. 

— hair, cell walls, 36. 

oonvolutioDs of, 31 

— — cuticle, 31, 

dead, 37, 

lumen, 36. 

structure of, 30. 

unripe, 37. 

variations in, 37. 

— impiinties in, 19 

— linen effects on, 128. 

— mcTcerisation of, 140. 

— mineral eonstituents of, 79. 

— natural history of, 16, 18. 

— nitrogenous constituents of, 42 

— oil and wax in, 70. 

determination of, 71, 76. 

— piece goods, 266. 

assortment of, 268 

cleansing, 267. 

obeeking, 268. 

singeing, 269, 

stamping, 268 

stitohing, 268. 

stnving, 268. 

— removal of mmeral matter from, 82 

— spinning, 23. 

— Boivents for, 169. 

— types of, 20. 

— wool effects on, 128, 134 

— yam, bleaching of, 640. 

count of, 246. 

— yams, chemical and physical properties 

of, 237. 

elasticity of, 262. 

measurement of length of, 262. 

moisture in, 237, 242. 

tensile strength of, 262, 264. 

twist of, 261. 

Count, detemuiuition of, 246, 248. 
Cuprsnunonium silk, 166 

Damsqsb, 666. 

Dssh wheel, 407. 

Dead cotton, 37. 

Deep-well water, 193. 

Degreasing apparatus, 394 
Deuquesoents, 668, 607. 

Dew point, 241 
Dextrin, 687, 688. 

— analysis of, 689 
Dextrose, 86, 678. 

Diastafor, 272 
Disaccharoses, 89. 

DiscolorationB, 666. 
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DoUying maohine, 405. 

DiTing, 020, 626. 

— mochineB, 026. 

Ea.v dk JavklCs, 432. 

Edmeston-Bentz kier, 320. 

Elastioity, 074. 

— measurement of, 262. 

Eleotrolyeers, 484. 

Enzymes, 177, 183 

— properties of, 184 

— types of, 186. 

Epsom salt, 600 
Ethylene chlondes, 392 
Expanders, 023. 

FaciNa up, 646. 

Fastness, tests for, 647 

— to bloaohuig, 648 
Fats, 62 

— sapomfication of, 67 
Fatty acids, 62. 

— steanc acid series, 62. 

— oleie acid senes, 

Fehling solution, 92. 

Fihrom, 8 

Filling materials, 668 

Fillings produced by double reaction, 662 

Finishes, assisted, 678 

— pure, 677 

— stiffened, 678. 

Finishing, M7. 

— combined processes, 676 

— matenals used in, 667 
Finlay’s electrolysor, 488. 

Fireproofing agents, 668 

— matenals, 611. 

Flatness, 673 
Flax, 6. 

Fluorides, 606 
Formaldehyde, 603. 

French ohi^, 661. 

Full bleach, 620. 

Gbbaueb kier, 319. 

Gelatin, 690. 

— analysis of, 696 

— detection of, 604 

— properties of, 603 

— tests for, 694. 

Gelose, 698. 

Gins, 10. 

Glauber salt, 610. 

Glaze, 672. 

Globulins, 42, 66 
Glue, 690. 

— properties of, 693 
Glyoendes, 62. 

Glycerol, 610. 

Glycine, 62. 

Gum arabic, 600. 

— teagaoanth, 608. 

— hragasol, 698. 

Gums, 697. 


Haas-ObttkIi eleotrolyaer, 486 
Half bleach, 629. 

Hank washing machine, 408. 

Hardness, de&rmination of, 221 

— in water, 196. 

Hard water, xtroperides of, 107. 

Rexalin, 303. 

Hydrocarbons, chlorinated, 391. 
Hydrooelluloae, 106. 

' — detection of, 117. 

— preparation of, 107 

— properties of, 108. 

Hy^oohlono acid, 340 

analysis of, 341 

speeifio gravity of, 342 

Hydro-extractors, 530 
Hydrogenated hydrocarbons, 303. 
Hydrogen-ion concentration, 326. 
Hydrogen peroxide, 601 

bleaching process, 610 

constitution of, 606 

estimation of, 606 

preparation of, 501 

properties of, 603 

use of, m bleaching, 507 

Hydrometers, 338 
Hydrostatic balance, 330 
Hydrosulphites, 416. 

Hypochlorous acid, 426 

bleaching action of, 429. 

detection and estimation of, 431. 

properties of, 428. 

Humidity, 230. 

loELAMo moss, 609 
Impregnation, 279. 

Indicators, 320. 

Insh moss, 600 

Jaokino, 669 

Jackson kier, 319, 320, 324 
Japan wax. 600 
Jeffcrson-Walker kier, 313 

Kelleeb’b electrolyser, 484 
Kier packing, 280, 

Kiera, 302 

— injector, 306 
Kjeldghl process, 66 

Knitted cotton fabric, bleaching of, 637. 
Kother’s electrolyser, 489. 

LjtvooLtrcosAN, 102. 

Lard oil, 000. 

Levnlose, 88 

Light goods, finishing, 670 
Lime, 340. 

— anslysiB of, 361. 

Linen yam, count of, 247 
Lmolenic acid, 66. 

Linolic acid, K. 

Loewe reagent, 13 
Lustre, 672, 

Lye boiling, 283. 
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£g« boUingi changes due to, 296. 

omniuition, 288. 

conditions of, 288, 

— — efficiency of, 299 

Thies Herzig sjrstem of, 312 

use of old lyes in, 298. 

of organic solvents m, 300, 

water used in, 288 

Maondbium ohlondo, 608 

— sulphate, 009 
lAalze starch, 1>68.* 

MsJt extract, 272 
Moltose, 91 

Mangles, stiffening, 633. 

Mangling, 620. 

Mather ft Platt eloctrolysers, 490. 

— kier, 809. 

Mellowness, 673. 

Melting point, determination of, 602 
Mercerised cotton, 140 

properties td, 147 

structure of, 166. 

tests for, 167. 

Methylhexabn, 393. 

Micro-organisms, 170 
Milhng, 404 
Mineral fibres, 6, 11 

detection of, 11 

Moisture, determination of, 242 
Moulds, 176 

Multicellular vegetable fibres, 6 

Nkfb, 48. 

Nitnc acid, 343. 

analysis of, 344. 

specific gravity of, 345 

Nitrocellulose, 136. 

— silk, 162. 

Nitrohydrochlorio acid, 426. 

Oils, 62, 600. 

— analysis of, 001 

— estimation of, 70. 

— unsapomfiable, 69. 

Oleic acid, 04. 

Organic solvents, 300, 389 
Oxalic acid, 340. 

Oxidising bleaching agents, 412. 
Oxycellulose, 109. 

— constitution of, 110. 

— deteetion of, 117. 

— preparation of, 109 

— properties of, 112. 

Ozone, 624 

— as a bleaching agent, 627. 

— constitution of, 627. 

— properties of, 626. 

PsoTiss, 77. 

Pectoses, 77 
Peptones, 61. 

Percarbonates, 617. 

Perchloric acid, 500. 


Perdisnlidiniio acid, 616. 

Permntit, 219. 

Persulphunc acid, 616. 

Petroleum, 69, 389. 

— jelly, 600 
Phenol, 606 

Piece goods, tensile strength of, 269 
Plaiting, 281. 

Polypeptedes, 61. 

Polysaccharoses, 03. 

Potassium bichromate, 621. 

— hydroidclfl, 36S. 

— permanganate, 617. 

use in, in bleaching, .619, 620 

Potato starch, 569 
Processes, 620, 

Proleoses, 61. 

Proteins, 42 

— action of heat on, 44 

— amphoteno nature of, 49 

— chloranune reaction of, 60 

— colloidal properties of, 45 

— estimation of, 65 

— hydrolysis of, 61 

— reactions of, 44 
Protoplasm, 28 

ItAUr-WATBK, 19<) 

Ramie, 6 

— yam, count of, 247 
Rapidase, 273 

Boduemg bleaching agents, 411 
Richardson reagent, 13 
Ricinoleic acid, 65 
Roesch kior, 319 
Rosin soap, 370 
Roughness, 673. 

Salioyuc acid, 606 
Salt, 482 

— analysis of, 482. 

— speciho gravity oi, 483 
Schreiner process, 169. 

Senmp rau, 623. 

Seriem, 8. 

Shirtings, 079. 

Sihcates, 612 
Silk, 8. 

— yarn, count of, 247 
Singeing, 266. 

Smalt, 603. 

Smoothness, 673. 

Soap, 367. 

— analysis of, 380. 

— composition of, 370. 

— detergent action of, 373, 378, 386 

— emulsifying power of, 376. 

— hydrolysis of, 374 

— lathering power of,%76. 

— makmg, 367. 

— properties at, 373. 

— rosin, 370. 

— solutirai, 221. 

— types of,' 372. 
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Sodium tncarbonate, 361. 

— carbonate, 369 

— oUoiide, 482. 

— fluoride, 003. 

— hydroeidpbite, 416. 

analysis of, 420. 

— hydroxide, 364. 

analysiB of, 366. 

Bpeciflo gravity of, 367. 

— bypoohlonto, 476. 

bleaching eolutiun, 476. 

efiiciencv of, in bleaching, 406. 

preparation of, 470 

M, by elpcteolysis, 478. 

— perborate, 616 
properties of, 616 

— peroxide, 611 
analysis of, 614. 

preparation of bleaching solutions of, 

612. 

— phosphate, 616 

— silieato, 361. 

— ttilico fluoride, 606 

— sulphate, 610 

— sulphide, 296 

— tungstate, 616 
Soft soap. 373 

— •water, analysis of, 221 
Softening agents, 600. 

— materials, 668 
Soluble starch, 686 
Suunng, 468. 

Soxhlet extractor, 72, 76 
Specific gravity, table of, 336 
Spermaceti, 68. 

Sinomng power, 3 
Squeezing machmes, 398, 638 
Stains, 666. 

Starch, action of acids on, 676. 

of alkalis on, 672. 

of enzymes on, 676 

of formaldehyde on, 674 

of heat on, 670. 

of micro-organisms on, 676 

of oxidising agents on, 670 

of salts on, 674. 

of water on, 676 

— analysis of, 682 

— commercial, 681. 

— dressings, 678. 

— identifi^tion of, 679 

— preparation of, 664. 

— properties of, 670 

— soluble, 686. 

Starches, 663. 

Steano acid, 62. 

Steeping, 272. 

Stentenng, 640. 

Stenten, M6. 

Stiffening, 032 

— mangles, 633 

— materials, 668, 662. 

— mixtures, a^ip^tion of, 633. 

— — j^parauon of, 032. 


Stooks, 404. 

Strontium hydroxide, 364 
Subsoil-water, 193. 

Sucrose, 89. 

Sugar, estimation of, 02. 

Sulphites, 414. 

Sulphur ^oxide, 412. 

Sulphuric acid, 331. 

analysis of, 334. 

propertioB of, 333. 

specific gravity of, 336. 

Sultihurous acid and sulphites, analysis of, 
417. 

Surface water, 191. 

Swissuig, 669. 

Talc, 661 
Tallow, 601. 

Tandom running, 278. 

Toimie acid, 83 
Tartonc aoid, 348. 

Tensik? stren^b, ctmditions affecting, 262. 

measurement of, 252, 254. 

Tetralene, 303 

Textile fibres, dassifioatiun of, 6 

general properties of, 3. 

Thoiji eloctrulysoT, 487, 

Thrcadinoss, 673. 

Tin oxide, 612 
TomlA>, 177. 

Tragacanth, 698. 

Tragasol, 508 
Tnglycendes, 66. 

'IVist, measurement of, 261 

Uniobllulab vcgctablo fabre, 6 
Unn])o cotton, 37 

Unsapomfiable matter, determination of, 264 
Unsaponifiablo oils, 09, 

Ultramanno, 602. 

Veobtablb oells, 28. 

— fibres, 4. 

detection of, 11. 

Viscose Bilk, 160 

Viscosity of bleaohiid cotton, 472 
Voimtmg kier, 316. 

Walsh kier, 309. 

Warpe, sizmg of, 640. 

Wasbi^ maohines, 397, 

Water, 186. 

— analysis of sufteued, 226. 

— corrosive, 198, 2oo. 

— detormmation of carbon dioxide in, 227, 
of oblondes ip, 228. 

of dissolved exygon in, 226. 

of dissolved Solids m, 227 

of iron in, 226. 

of organic miitter m, 228. 

of suspended tnitSfair m, 227 

— dissolved ouygen m, 202, 204. 

— hardness in, 19<li 

— impuritieB in, Ifio, 194. 




Wtikt, ol, 187, 

^ —•Mleic^niing, IW. 

> Atohbtttl-Ceek;, 21S. 

, — — Hurii-AndeiMm, 216. 

— — iMfen-Hjort, 211. 

* BitonKm, 211. 

Formoti^ 210. 

— aeftenei!*, wleotion of, 210. 

— lofteAlitg, 206. 

—t — oalonlationB oi quantities of reageats. 


— — geMsral i«iiu)i|de8 of, 208. 

limits of, 209 

— supplies, elossiiioation of, 187. 

— ultimate analysis of dissolved sohds in, 

222 . 


WeteipiooaMeieiite. tSCe, «1& 
Wuee, ^ 87. 

W«ttiax«at, 686. 
l<^tli, reoovwy of, 274 
Wiidellk.8, 

Wince. 277. 

Winding on, 641 
Wool, 10. 

Woollen yam, count of, 246. 

Yabk, bleaching of, 640. 

— finishing, 671. 

Yeast, 177. 


Zuro ofaloride, 606, 
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